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M£THQDS AND COMPOSITIONS FOR REGULATION OF CD2 8 EXPRESSION 



^ n V enter : 



Rcoe r Z . i air. 



I . FIELD OF THE INVENTION 

The invention in the fiela cf moduiatir.g gene expressmen 



Whi^e tne immune system plays a crucial roie m protecting 
higher organisms against life-threatening mrections, tne imir.une 
system also plays a crucial part m tne pathogenesis of numerous 
aiseases. Tnose diseases m which the immune system plays a oar 
include autoimmune diseases in which the immune system, reacts 
against an autologous antigen, e.g., systemic lupus 
erythematosus, or diseases associated with immunoregula tion 
initiated by reaction to a foreign antigen, e.g., graft vs. nest 
disease observed m transplantation rejection. 

Tne patnogenesis and exacerbation of many common T-ce^^ 
mediated diseases result from an inappropriate immune response 
anven oy aoncrmal T-cell activation. The presence cf act^vateo 
T-cells nave oeen reported m many T-cell meaiatea SKin aiseases 
ySimon et al . , {1994) J . Invest Derm , . .^.^ : 5 3 9- 54 3 , . For 
example, psoriasis, which afflicts 21 cf the Western population 
including four million Americans, is a SK^n aisorder 
cna racte r 1 zed by ke ra tmocy t e hype rpro * i f e r a 1 1 cn and acnorma^ 
aermal ana epidermal infiltration of activated T-cel^s. Many 
reports suggest a major role of tnese activated T-cells m tne 
patnogenesis of psoriasis (Baadsgaard e: a^., ;1990^ S, l"vezt 



2^:2*75-282, Chang e: ai., (1992; Arch. Derm .. 1^:14^9- 
1485, Schlaak et dl., il994t J . Inves t 2erm . . 102 : 14b-\49' anc i 



tnrougn tne use cf oligomers, particularly those oligomers 
effective m treating immune s ys tem.-meai a ted diseases. 



II . 



BACKGROUND OF THE INVENTION 



BNSOOCtD: <WO_&ae438aM 



wo 96/24380 A A PCT/US96/0I507 



AX DS-exacerba tea psoriasis -Duvic ::990; J 

^:38S-4CSj. In psoriasis, activated ^esiona^ Z-zel'^s 
preaominantiy release the Thl cytokines iIL-2, ^nter f eron-ganima ; 
i5chiaak et ai., (1994) sT . Invfi.sr P^^nm-. 1^:1.5-149;. These 
secreted cytoKines induce normal K:era t mocytes to express tne 
same pnenotype (HLA DR+/:CAM-1*) as found m psoriasis .esions 
,Baadsgaara ec di . , (1990) J. Invest nprm. . i^:2-5-:52;. Alsc, 
oy virtue of its m vitro and i/i vivo promf 1 arrjr.at or y properties 
and because it is secreted m large amounts by Doth activatea 
T-ceils and kerat mccytes from psoriatic lesions, IL-6 is 
considered to be a manor contributor to the pathologic cnanges 
seen m psoriatic sKin such as kera tmocyte nyperproli f era t ion . 
Furthermore, one of the B7 family of receptors .tne natural 
-igands for found on activated APC), 3Bl,has been snown to 

oe expressea m psoriatic but not unaffected skin <e r a t^nccy t es 
'Nickoloff, ec ai., (1993) Am. J. Pathology . 112:1329-1040). 

A numi^er of otner diseases are thought to ce causea cy 
aberrant T-cell activation, including Type I t msulm-depenaen t , 
diaoetes mel^itus, thyroiditis, sarcoidosis, multiple sclerosis, 
autoimmune uveitis, rheumatoid arthritis, systemic lupus 
e r y tnema t osus , inflammatory Dowei aisease (Cronn's ana ulcerative 
coxitis; and autoimmune nepatitis. In aadition, a varietv of 
Gvnaromes ^nciudmg septic shock and tumor-inaucea cacnexia may 
involve T-cell activation and augmented production of potentially 
toxic levels of 1 ymphokmes . Normal T-cell activation also 
raeoiates the rejection of transplanted ceils ana organs by 
providing the necessary signals for the effective destruction of 
the "foreign" donor tissue. 

The activation of T- 1 ymphocy t es leading to T-cell 
proliferation and gene expression and secretion of specific 
immunomodulatory cytokines requires two independent signals. 
The first signal involves the recognition, by specific T-cell 
receptor/CD3 complex, of antigen presented by ma:^or hi s tocompa 1 1 - 
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1 n a 



bxl^ty coH'.p.ex mclecu.es or. zr.e surface of ar.;.=en crese.---a 
ceils >APCs;. Antigen-nonspecxf.c intercellular .-eraczlZs 

between T-cells ann APr<=: 

ana APCs prov.ae tne second signal -hat serves 

regulate T-cell responses to antigen. These seconcary o^ 
costimuiatory signals determine the magnitude of a T-cel. 
response to antigen. Cos t i.^ula tea cells react by i.-.creasm- 
leveis of specific cytokine gene transcription and bv stac-' 
selected rrJ^As . In the absence of cos t i.T.uia tion . T-cell acfva- 
tion results .n an aborted or anergic T-celi response. One Kev 
costimulatory signal is provided by interaction of the T-cel' 
surface receptor CD28 with B7-related molecules on A?C (Linsiey 
and Ledbetter .;1993, A:,^ . ?°v 'mmiino'., 11:191-212). CD28 is 
constitutiveiy expressed on 95% of CD^. T-ce.ls .whicn p-^v ae 
helper functions for B-cell antibody production, and 50. of CDS^ 
.-cells (whicn nave cytotoxic functions; (Yamada ef a,.. ,1985; 
.S ue . .7 . ^rjv r nr-- . li: 1164-li68) . roilowmg antigenic or .r v tr^ 
mitogenic stimulation, further induction of surface levels o^ 
CD28 occurs, as well as the production of certain im.m.unomodul a - 
tory cytokines. These include inter leukin-2 (:l-2;, requi-ed 
cell cycle progression of T-cells, mterf eron-ganuna, which 
displays a wide variety of anti-viral and anti-tumor effects ana 
^nterleukm-e .IL-8), known as a potent cnemotactic factor for 
neutrophils ana .ympnocytes. These cytokines have oeen shown - 
be regulated oy the CD28 pathway of T-cell activation (Eraser et 
(1991! SC i ffnrp , iil:3i3-316. Seder et ai., (1994) .: . F.p 
12^:299-304, Wechsier et al., (1994, J. Tmmnn. i 
1^2:2515-2523). iL-2, interf eron-gamma, and IL-8 are essential 
in promoting a wide range of immune responses and have been shiwn 
to be overexpressed in many T-cell mediated disease states. 

In some T-cell mediated skin disorders such as allergic 
contact dermatitis and lichen planus, CD28 was expressed m high 
levels in tne .T.aiority of dermal and epidermal CD3+ T-cells but 
m normal skm and basal ceil carcinoma ,a non T-cell mediated 
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skin aiseasej, CD28 was expressed only in perivascular T-ze^ls. 
Sxmilarly, in both allergic contiact dermatitis ana ^^.icnen planus, 
B7 expression was found on dermal dendritic ceils, aerrr.al APCs 



carcinoma ^Slmon et al . , ;1994) J . Inves t Derm . . 1.2^:53 9-^43: . 
Therefore this suggests that the CD28/B7 pathway is an irr.ccrtant 
mediator cf T-celi -mediated skin diseases. 

Aberrant T-cell activation associated with certain 
autoimmune diseases caused by the loss of sel f - tol er ance 
predominantly characterized by the presence of CD28+ 7-cells ana 
expression of its ligand, E7 on activated professional APCs 
\monocyter macrophage or dendritic cells) . These mcluae 
autoimmune Graves thyroiditis iGarcia-Cozar e: dl., ■.199 3; 
Immunol . , 12:32), sarcoidosis (Vandenbergh et al., ;1993= Int . 
Immunol . , ^: 317-321), rheumatoid arthritis (Verwilghen e: ^1. 
(1994) J. Immunol . . 1^:1378-1385) and systemic lupus 
erythematosus {Sfikakis et al., (1994) Clm. Exp. I.Tjnunoi . . 
^:e-14) . In normal T-ceil activation, which mediates tne 
rejection of transplanted cells and organs, the binding cf CD26 
by Its appropriate B7 ligand during T-cell receptor engagement is 
critical for proper allogeneic response to foreign antigens, for 
example, on donor tissue (Azuma et ai . , (1992) J . E:<o . Me a . , 
.;^:353-360, Turka et ai., (1992) Prcc. Nat. Acad. 5ci . I'SA , 
89 : 11 102-11105) . 

Traditional therapies for autoimmune diseases do not prevent 
T-cell activation; the effector step m the autoreactive iTJTiune 
responses to sel f -an tigen . Drugs, such as steroids and 
non-steroid anti-mf lammatory drugs (N5AID5), are currently used 
to ameiiorate symptoms, but they do not prevent the progression 
of the disease. In addition, steroids can have side effects sucn 
as inducing osteoporosis, organ toxicity and diabetes, and can 
accelerate the cartilage degeneration process and cause so-called 




pos t- mn ection flares for up to 2 to 8 hours. NSAIDS can have 



and 




but not m normal skin and basal cel^ 
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gas troinrestiir.ai side e-'^--- 



:ecrs and increase tr.e risk cr 

agranulocytosis and la— oaenic hepati--s - -. -r,!! 

arugs are also used as anocner form of theracv, especa^.- x- 
aavanced a.sease stages. However, these arucs suppress .he " 
entire iinmune system and often treatment has severe sio^ e-e- 
including hypertension and nephrotoxicity. .:^:so establis.-e^ ^" 
iir.-nunosuppressants such as cyclosporin and FK505 cannot ^nr.ioit 
Che CD2e-dependent 7-celi activation pathway .June e: al '^^sa- 
MOI. TP] 1 Pip] ., 7:4472-4481!. 

Given the shortcomings of currently-available pharma- 
ceuticals and methods for treating immune system-mediated 
aiseases, it is of interest to provide new methods ana 
positions for treating such diseases. 



:om- 



^11- SUMMARY OF THF TfJ^/T^^aTTr^^ 

The subject invention provides methods and compositions fo 
the treatment of immune system-mediated diseases. The comoos ■ - 
tions of the invention have the property of reducing the 
expression of CD28 in cells of interest, whicn in turn modera- 
pathogenic effects of the immune system in an immune svstem- 
meaiated disease. The subject methods of reaucing C028 
expression may also serve as methods of reducing the effects - 
antigenic stimulation of CD28- T ceils, thereoy decreasma t'^ne^^ 
-evei of activation of CD28- T cells and the release of cytokine 
associated with T cell activation, including inter leukm-; , 
interferon-gamma, and interleukin-S . The compositions of the 
invention include many different oligomers capable of reducing 
the expression of CD28 . 

One aspect of the invention is to provide oligomers capaoie 
of reducing the expression of CD28 by interfering with the 
expression of CD28 . The oligomers of the invention have' nude. = 
acid base sequence homology to a CD28 gene or a CD28 gene 
transcript, or a portion thereof, where the homology is 
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nelix or rripie-s cranaed helix under intracellular conditions . 
The oligomers of the invention may oe DNA, RNA, cr various 
synthetic analogs thereof. In particular embodiiTLen t s , oligomers 
having 11 to 50 bases comprising at least two sequences of GGGG 
separatedby3to5Dases. 

Another aspect of the invention is to provide genetic 
engineering vectors for the intracellular expression of oligomers 
of the invention m cells of interest, preferably cells that 
naturally express CD2B . 

Another aspect of the invention is to provide pharmaceutical 
formulations comprising one or more different oligomers of the 
invention. The pharmaceutical formulations may be aaapted for 
various forms of aamini s t ra tion to the body or administration to 
ce^^s to be reintroduced into the body. 

Another aspect of the invention is to provide methods for 
the treatment of Immune system-mediated diseases. The methoas of 
the invention involve modulating CD28 expression by admini s t e r i ng 
an effective amount of the oligomers of the invention. The 
methods of the invention include m^ethods of treating autoimir.une 
disease, methods of reaucmg inflammation, response, methods of 
reaucmg the production of selected cytokines, methoas of 
inactivating T cells, ana methoas of immunosuppressmg a 
transplant patient. 

IV. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is the sequence of the 5' untranslated region of 
the CD28 gene ( lA) and the mRNA sequence of human CD28 (IB, IC). 
Figures IB and IC represent different contiguous portions of a 
polynucleotide sequence. 

Figure 2 is a graphical representation of the percentage of 
viable (live) T-ceils following treatment with various CD28- 
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spec.ric and control phosphorocnioa ce ana pr.ospnc r c rr. ■ c e - 
3 •hyaroxypropylamine c 1 igonuc. eo 1 1 aes . ' " '^"^ 

Figure 3 is a grapnicai r epr es en La - on of an- ----3 
■T^onoclonal an,.body/PMA-induced CD2S expression irrnJna- "--e'l 
from two acnors iGVOlC and JCOll;. >A, and tne efrec- - " 
CD28-specific and control phosphorothioate ,E, bat-"' "I-- - 
phosphorcth.oate-3-hydroxypropyiamine C ; oi igonuc. ec L .e'l on 
^nti-CD3 monoclonal antibody/PMA-mduced CD28 expr-^ssi-- -n 
peripheral blood T-cells from the same 2 donors. 

Figure 4 IS a graphical representation of A) tne ina-^o--^r 
of T-cell proliferation by mitogens m human T-cel.s f ---t "-ono- 
KS005 and B. the effect of CD2B-specific and contro' 
pnospnorothioate oligonucleotides on anti-CD3 moncc.c^a 
antibody/PMA-mduced human T-cell proliferation. 

Figure 5 is a graphical representation of th= -,p 

inter.eu.in-2 ,IL-2, production by anti-CD3 monoclonal an^-bodv 
and PMA m human T-cells (A) and the effect of C02 S - spec • ' - - a-- 
control phosphorothioate (B) phosphorothioate- 3 • hvdrcx vp-c.^i -'' 
amine (Cl c 1 1 gonucleotides on anti-CD3 monoclonal anft-av7"' 
PMA-mduced IL-2 production m human peripheral T-cel.s. 

Figure 6 is a graphical representation of the irauc- o- - 
interferon-gamma (IFNy) production by anti-CD3 monoclona- 
antibody ana PMA .n human T-cells iAi and the effect of 
CD28-specific and control phosphorothioate ,B, phoschorothio- 
ate-3'hydroxypropylamine (C) oligonucleotides on anti-CD^ 
monoclonal antibody/PMA-induced inter feron- gamma production m 
human peripheral T-ceils. 

Figure 7 is a graphical representation of the induction of 
interleutcin-8 ,IL-8, production by anti-CD3 monoclonal antibodv 
ana PMA m human T-cells (A, and the effect of CD2 8 -speci f 1 c ana 
control phospnorothioate (B) phosphoro thioa t e- 3 • hydrox vpr od y 1 - 
amine :C) oligonucleotides on anti-CD3 monoclonal antibody/ PMA- 
inducea IL-3 production in human peripneral T-cells. 
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inter leukin-2 receptor {IL-2R, otherwise known as (A,^ ana 

intracellular adhesion molecule-l ;:C-i"\M-l otherwise fcncwn as 
CD54) ;3i expression by anti-CD3 monoclonal antiboay and PMA m 
human peripheral T-cells treated with and without CD2 8 - speci : i c 
and control phosphorothioate 3 ' hydroxypropy lamme oligonucleo- 
tides . 

Figure 9 is a graphical representation of CD28 expression m 
HUT "^3 (A) and Jurkat (B) human T-celi lines before and after 
anti-CD3 monoclonal antibody and PMA treatment, and the effect of 
CD28-specific phosphorothioate oligonucleotides m anti-CD3 rr.cno- 
clonal antiboay and PMA-treated Jurkat cells \Z) , 

Figure 10 is a graphical representation of the effect zt 
CD28-speci f ic phosphorothioate oligonucleotides on interleuKin-2 
proauct^on m anti-CD3 monoclonal antibody and PMA- treated H'JT S 
(A) and Jurkat (B) human T-cell lines- 
Figure 11 is a graphical representation of the effect of 
phosphorothioate oligonucleotides on surface expression cf 
accessory molecules and on cytokine secretion in activated T 
cells . 

Figure 12 is a graphical representation of the effect c: 
phosphorotnioate oligonucleotides on CD28 and CD25 mRKA leveis. 

Figure 13 is a graphical representation of the specificity 
of oligonucleotides RT03S (SEQ ID NO: 44) and RT04S (SEO ID NC : 
45) With respect to inhibitory effect on functional CD28 
expres s ion . 

Figure 14 is a graphical representation of the tolerance 
induction m \ritro by the CD2B-speci f ic oligonucleotides, RT03S 
(SEQ ID NO: 44) and RT04S (SEQ ID NO: 45). 

Figure 15 is a graphical representation of the m vitro 
stability of '^P-labeied phosphoro thioates , RT03S (SEQ ID NO: 44; 
and RTC06S (SEQ ID NO: 48) m extracellular supernatants (top 
panel) and Jurkat cell lysates (bottom panel). 
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PETAI L EP PFRCRIPTTON OF ^PKriPrr rK^ ^p.^^,,^.. 

Describee nerem are methods and comoos . 1 1 or.s fc --ea 

..wane s ys tem-medxa ted a.seases, wherexn the cesired therace^---- 
effect IS achieved by decreasing tne expression of CD2S. -.ereov 
arrogating activated CD28- T cell function and aecreasmg 
activation of other iKonune system cells. The inventor aas 
aiscovered that antigen-depenaent T cell activation may oe 
mnibited by decreasing the expression of CD28 m CD28- T ce'ls 
The invention provides numerous compounds tnat may be usea t7^' 
decrease the expression of CD28 m T cells. 

The invention described herein involves the discovery tha^ 
decreasing CD28 expression m T cells can interfere wxzh the 
ancigen-specific activation of T cells. The discoverv mav ::e 
used to provide numerous methods of treating im^-nune svstem- 
mediated diseases with oligomers targeted to CD23 and with no^- 
oxigomer compounds chat decrease CD28 expression. 3y emplovm- 
the discoveries of the biological effects of decreasing CD23 
expression as described in this application, numerous methods of 
treating immune system-mediated diseases are provided, such 
methods may employ non-oligomer compounds that have not yet been 
synthesized or purified. 

One aspect of the invention is to provide for oligomers t.-a" 
can be usee to inhibit gene expression of certain genes .s an 
established technique frequently referred to as the use of "anti- 
sense" oligonucleotides or "anti-sense therapy." Numerous 
publications on the construction and use of anti-sense are 
available. Exemplary of such publications are: Stein et aJ., 
^-004-1012 (1993); MiUigan, et al., J. M.H tk.^ 
2^:1923-1937 ,1993,; Helena, et ai . , J. R^n.H-. .,,.p>,„. ... ^ 
i£^99-125 (1990); Wagner, Naturr-, 222:333-335 (1994); and 
Crooke and Lebleu, Antl-;^ensP R....^^^ Annl,-.^,^.. CRC 

Press, Boca Raton (1993). The term "anti-sense" as used herein, 
unless indicated otherwise, refers to oligomers ^including ol.gc- 
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; 1 u J. c i_ X '-I'i ^ / ^iAi^^Ai^j.^ 1 

stranded itripiex) helices with polynucleotides so as to 
interfere with gene expression. The principles cr anti-sense 
design and use described m these publications, and other sirr.ilar 
publications, may be used by the person of ordinary SKill m the 
art to design, malce, and use various embodiments of the CD26 
specific oligomers of the invention. 

The oligomers of the invention are capable of modulating the 
expression of the CD28 gene. The oligomers of tne invention 
include those oligomers that have the property of being able to 
form either a doubl e - s t r anded polynucleotide helix by hybriaizmg 
with CD28 transcripts (or portions thereof), or a double-stranded 
polynucleotide he^ix by hybridizing with a portion or portions cr 
a CD28 gene, wherein the helix formation may occur under 
intracellular conditions. The oligomers of the invention a^so 
include those oligomers that are capable of affecting the 
regulation of gene expression such as by acting as molecular 
decoys and preventing protem-nucieic acid interaction of 
transcription factors with regulatory elements of the 
untranslated regions of the CD28 gene. Additionally, the 
oligomers of the invention include those oligomers that are 
capable of forming a triple- stranded polynucleotide helix wi-n a 
portion or portions of a CD28 gene, wherein the ne.ix formacion 
may occur under intracellular conditions. Both doub le- s t randed 
helix and triple- s tranded helix base pairing relationships 
between nucleic acid bases (e.g., adenine- thymine , cytosine- 
guanine, uracil - thymine } are known to the person of ordinary 
skill m the art and may be employed m the design of the 
oligomers of the invention. Regions of the CD28 gene or CD28 
gene transcript at which double-stranded helix or tr iple-strandea 
helix formation can occur with a given oligomer of the invention 
are said to be "targeted" by that oligomer. 
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Human CD2 3 is a 90-kDa nc.T.oaime ri c 



proLem present on the surface of 



present cn most CD4' T ceiis and aoout 5 0^, 



r a n s meino r a n e ^ ^ ■, — ^ - 

~ ^ - 3 i s 

cf CDS- T ce.^s . The 



a subset cf T cells. 



O.N-A sequence encoding human CD28 has been resolved as c 
founa, a.on, otner places, xn Lee ... ^u.nal 

^:34.-352 ,1990; and on pu.l.cly accesst^i; glne catLases su-^ 
as^GenBanx. The h-oman C228 gene comprises four exons, eacn 
aefining a ruaccional domain of the predicted protein. 
Transcription products of varying sizes have been observ== 
produced from the human CD28 gene. The oligomers cf the 
invention may oe aesigned by referring to the publisned 
nucleotide sequence of the CD28 gene or the sequence o- "-s 
gene-aerived cDNAs . The compositions and methcas cf the 
invention may oe readily adapted for use m mammals othe- -^a- 
r.umans by referring to the sequence of the CD28 gene from non- 
human mammals. the sequence of non-human CD28 gene may be 
obtained by, among other methods, using previously laentified 
CD28 gene sequences from humans (or other mammals) as gene 
library h yr r i =i za t ion probes and/or PGR (polymerase cnam 
reaction, amplification primers. While the published nucleotide 
sequences of tne CD28 gene are believed to be accurate, the 
subject invention may be practiced by the person of ordmarv 
s<ii. m the art even if the publishea nucleotide base sequence 
or C32S contains sequencing errors. The proper nucleotide base 
sequence errors m published sequences may be detected by, among 
other means, re-sequencing regions of the CD28 gene ,or CD28 gene 
transcripts; targeted by the oligomers of the invention. Re- 
sequencing may be performed by means of conventional DNA 
sequencing tecnnology. 

The Oligomers of the invention preferably comprise from 
about 11 to acout 50 nucleic acid base units. It will be readilv 
appreciated by the person of ordinary skill in the art that 
oligomers of the invention may be significantly lonaer than 50 
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invention, the oiigomers comprise from about 3 to aoout 2z 
nucleic acid base units; more preferably from about 14 nuc-eic 
acid case units to about 22 nucleic base units. The preferred 
size limitations for the oligomers of the invent:icn pertain only 
to those oligomers that are to be administered extracellular ly to 
a cell and are not applicable to m tr acei i ul a r 1 y produced ZZ2Q 
specific oiigomers, e.g., as produced from vectors for the 
genetic manipulation of target host ceils. 

The oiigomers of the invention may have numerous different 
nucleic acid base sequences. The oligomers C' f the invention ma v 
be selected to reduce expression of CD2S by hybridizing ( througn 
nucleic acid - nucieic acid interaction) to virtually any r^gicr. 
of a CD29 transcript of CDZB gene in order to reduce expression 
of CD29, or by hybridizing (through nucleic acid - protein 
interaction) to non-nucieic acid molecules that recognize 
untranslated sequences of tne CD28 gene. For example, oligcmers 
of the invention may be selected so as to be able to hycriaite tt 
translated regions of a CD28 transcript, untranslated regions of 
a CD2S transcript, unspiiced regions of a CD2a transcript, 2028 
gene .ntrons, CD28 promoter sequences, and CD2S regulatory 
sequence, the 5' cap region of a CD28 transcript, CD28 gene 
coding regions, and the like (including combinations of various 
distinct regions}. Preferred embodiments of the CD28 gene and 
CD23 gene transcripts by the oligomers of the invention are in 
the transiational and/or transcriptional initiation regions of 
the CD28 gene (and transcripts thereof) . By varying the location 
of the CD28 or CD28 gene transcript in which helix formation may 
occur tnrough the selection of the nucleic acid base pair 
sequence of the oligomer, the potency of the oligomer, i.e., the 
amount required to produce the desired biological effect will be 
varied. Preferred embodiments of the oligomers of the invention 
have tne highest possible potency. The potency of different 
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oligomers oi the invention may be measurec cy varicus ^ 

assays known to the person of ordinary sk.- '-- >-e a- 
Examples of sucn assays can be found in tr.e exper^inen^^" ' sec- 1 op 
Of this application. The person of ordinary skill i. ,he ar- 
wi.i appreciate that it not desirable to produce oligomers --a- 
are targeted to polynucleotide sequences that are also prese^^ a 
gene locations other than the CD28 gene. "cr exa^.ple. it would 
oe undesirable to produce an oligomer targetea to --e 
sequence m the 5' untranslated region of the transcr-pt 
(the aiu region of the CD28 is described m Lee et a' Cc::--.- 
^ ' '• ^"noio^ : , , 11^:344-352 (1990.,. The use of oLgln^e-T^ 
form double-stranded or triple-stranded helices with ge.ne or^^ 
-ranscripts of genes other than CD28 .-nay oe rr.inimicea bv 
performing homology searches of oligomer nucleotide base 
sequences against polynucleotide sequence information oresen- -n 
puDlicly accessible data bases such as GenBank. 

In a preferred embodiment of the invention, the sub.e^- 
oligomers exhibit perfect nucleic acid base complementarity 
the selected target sequence, i.e., every nucleic acia base i. 
the Oligomer may enter into a base pairing relationshio with a 
second >or third, nucleic acid base on another strand o: a aoubl. 
'or triple) helix. However, a person of ordinary skill 
art will appreciate that various oligomers specific for a CD^6 
gene target and/or capable of inhibiting CD28 expression mav have 
nucleotide base sequences that lack perfect hybridization to -^e 
CD28 gene (either strand), CD28 gene transcripts, or CD28- 
specific regulatory proteins. 

In preferred embodiments of the oligomers of the invention 
are oligomers having the following nucleotide base sequences- 
5'TTGTCCTGACGATGGGCTA3' (SEQ ID NO:l) RTOl 

5'AGCAGCCTGAGCATCTTTGT3' (SEQ ID NO : 2 ) RT02 

5'TTGGAGGGGGTGGTGGGG3' (SEQ ID NO : 3 ) RT0 3 

5 •GGGTTGGAGGGGGTGGTGGGG3 • ( SEQ I D NO : -5 ) RTC4 
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oligomers having the nucleotide base sequences indicated m RTCl, 
RT02, RT03, and RTO^, are pho s pho r o t h i oa t e s . Particularly 
preferred oligomers are phosphorothioate- 3 * hydroxypropylamine , as 
aescnbed m Tarn ec al., NucI . Acid . Res . 22:977-956 (1994;, 

Oligomers of the invention may be designed so as to aecrease 
tne expression of CD28 m T cells that have mternaxined 
extracellularly applied oligomers of the invention. 

Additionally, oligomers of the invention may be aesignea so as to 
decrease expression of CD28 when the oligomers are produced 
mtracellularly through the use of genetic expression vectors. 
Inhibition of CD28 expression may be effected through (I) inter- 
ference with CD28 gene transcription, (iij interference with the 
transcription of C028 gene transcripts, iiii) interference with 
the processing of CD28 gene transcripts, or any comcination of 
(I; , (11) , and (ill) . The precise degree and mechanism of the 
interference of CD2S expression will depend on factors sucn as 
the structure of the particular oligomer, the nucleotide base 
sequence of the oligomer, the dosage of oligomer, tne means of 
administering the subject oligomer, and the like. 

The term "oligomer" as used herein refers to both naturally 
occurring polynucleotides, e.g., DNA, RNA, and to various 
artificial analogs of naturally occurring nucleic acias that have 
the ability to form either double-stranded or triple- stranded 
nelix with DNA or RNA. Many oligomers that are artificial 
analogs of naturally occurring polynucleotides have properties 
that make them superior to DNA or BHA for use in the methods of 
the invention. These properties include higher affinity for 
DNA/RNA, endonuclease resistance, exonuclease resistance, lipid 
solubility, RNAse H activation, and the like. For example, 
enhanced lipid solubility and/or resistance to nuclease digesticn 
results by substituting an alkyl group or aikoxy group for a 
phosphate oxygen m the mte rnuc 1 eoti de phosphodi e s t e r linkage to 
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:cr.T. an a ^ ky Ipnospnona - e oi igonuci eo ti ae zz a 1 k vl phos c.-; 
oligcr.-jcieotide . Non-ionic oligomers such as tnese are 
cnaracteri:ed by increased resistance to nuclease h vcr cl vs i s 
and/or increased cellular uptake, while retaining the aci.itv to 
:orm stable complexes with complementary nucleic acic sequences. 

While numerous oligomers that are analogs of naturally 
occurring nucleic acids are explicitly described herein, a.nd/or 
are otnerwise known to the person of ordinary skill tne art, 

it wixl be appreciated that numerous oligomers that are .-.ucleic 
acid analogs that may be developed in the future may be readily 
aaapted by those of ordinary skill in the art tc inhibit tne 
expression of C028 genes. A brief review of different currentlv 
available DN'A/RNA analogs that may be used as oligomers of the 
invention by selection of the appropriate nucleic acia case 
sequence so as to target CD28 genes (and transcripts thereof) is 
provided below. The various oligomers described in those 
publications are examples, not limitations, of different possible 
embodiments of oligomers that may be adapted for inhibition of 
CD23 expression in the methods and compositions of the invention. 

Methylphosphonate (and other alkyl phosphonate) oligomers 
can oe prepared by a variety of methods, both in solution and on 
insoluble polymer supports (Agrawal and Fiftina, Nur : . 

i:3009-3024 (1979); Miller ec al., BiochPm : . ^ ■ ^:5134- 
5 142 (1979) ; Miller ec al., J. BlOl , ry^^m., 2^^:9659-9665 (1980).- 
Miller et al . . Nucl . Ar-'.rl', p^., 1^:5189-5204 (1983!; Miller e: 

NUC] ■ Arirj^ Rp-i., 11:6225-6242 (1983); Miller ec al.. 
B i OChffmi ■^r-Y , 21:5092-5097 (1986); Sinha et al., Terr^^np^^^n 
Latt. 21:877-880 (1983); Dorman et al . , TPtr.hPH.on 1^:95-102 
il984); Jager and Engels, Tgtr^h^Hmn |,prr 2^: 1437-1440 ;i984i; 
Noble et al., Nugl . ftr11<^ Rpv , 12:3387-3404 (1984) Callahan et 

fgPC. N'rirl . A;Tflri, Sci. ll^f\ . £1:1617-1621 (1986); 
Ko z - . n; ■r;]^yf]'-7 et al., Cheniirfl -ir^iprfl, 2ij.251-260 (1986); Agrawal 
and Goodchild, Tetrahpdrnn [.pj-f 11:3539-3542 (1987!; 
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^otrahr^drnn Letit:. . li. : 5 5 3 5 - 5 5 3 3 Cgg^-, San- 
et d.., Prnc. Natl. Acad. Sci. USA , ii: : 7 4 4 8 - 7 4 5 1 .1988). 

Additional ol igoribonucieot ide analogs for use as oligomers 
are described m Inova et ai . , Nucleic Acid?; Res .. 1^:6131 ;i987j 
; 2 ' -0-methyi ribonucleotides } , Inova et al . , Le 1 1 . , 2 1 1' : 3 2 ^ 

( 1987 ; . 

Descriptions of how to make and use phospnoro tni oanes ana 
pnosphorodi thioa tes can be found m, among other places, the 
following publications: United States Patent No. 5,292,975, 
United States Patent No. 5,286,717, United States Patent 
No. 5,276,019, Patent No. 5,264,423,- United States Patent 
No. 5,218,103, United States Patent No. 5,194,428, United States 
Patent No. 5,183,885, United States Patent No. 5,166,33", Unitea 
States Patent No. 5,151,510, United States Patent No. 5,120,346, 
United States Patent No. 4,814,448, United States Patent No. 
4,814,451, United States Patent No. 4,096,210, United States 
Patent No. 4,094,873, United States Patent No. 4,092,312, Uniteo 
States Patent No. 4,016,225, United States Patent No. 4,007,19", 
United States Patent No. 3,972,887, United States Patent No. 
3,917,621, and United States Patent No. 3,907 , 8 15, Dagle et ai . , 
Nucl . Ac Ids Res . 11:4751-4757 (1990), Loke et ai . , ?rcc. Matl. 
Acad. Sci. USA , ^:3474-347e (1999), LaPlanche, et al . , Nucleic 
Acids Res ., 11:9081 (1986) and by Stec, et a i . , iL._£^ru_.ilLl£IIL^-£ii ■ 
106 : 60-^7 ;1984}, and Stein et ai . , Nucl . Acids Res. 1^:3209-322 1 
( 1 988 : . 

Descriptions of how to make and use phosphoramidates can be 
found m among other places the following publications: Agrawal 
et al., Prnc. Natl . Arad. Sci . , 1^:7079-7083 (1988), Dagle et 
al.r Nucl . Acids Res . , H ( 6 ) : 4 7 5 i - 4 7 57 (1990), Dagle et aJ . , 
Nucl. AcTri,s Res. 11(8): 180 5- 1810 (1991), 

Other polynucleotide analogs of interest include compounds 
having acetals or thioacetals in the backbone structure. 
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Examp.es of how rc matce aaa use such cc.^pounds car. ne f-^-.- 
among other p.aces xn, Gao et a'., B.o...-.-.-,, 21:6228-62"6 
1992), .ouaedri.eg e. .i., ^ 2 1 . : 3 0 8 1 - 3 = S . 

1992), .ones e: ai . , J. Qn ^h^T ^:2983-2991 >:993) 

Other poiynucieotide analogs of interest ..-.elude c=.T,oa.-as 
nav.ng sxlyl and siloxy bridges xn the backbone struc^u^e" 
examples of how to ma^e ana use such compou.nds can oe ^c-.d 
anong other places xn Ogxlvxe and Corn^xer, Tetrah.H^o- 
^(35!:. 159-4162 (1985). Cormxer and Ogxlvxe, Nucl, a.,h. ..1 
l^aO) :<]583-4594 (1988), PCX publxcatxon HO 94/06811 . 

Other polynucieotxde analogs of xnterest xnclude compounds 
navxng sxlyl a.nd acetamxdate brxdges xn the baci^bone structure 
.xampxes of how to make and use sucn compouaas can be f.^und 
among other places xn Gaxt et ai., w. fhfm , Pe.,,, ,,,,3 

l:x684 (1974), Mungall and Kaxser, C. Org, r... 

(1977), and CouU et al.. and Tprr^h^H.^^n Trfr Z£ ( 7 ) ■ 74 ^- 7 4 8 
( 1987 ) . 

Polynucleotide analogs havxng morpholxno-based baOcbone 
..n.ages have also been descrxbed. Informatxon on how to ma.e 
and use such nucleotide analogs can be found xn, among other 
.D.aces, Unxted States Patent Nos . 5,034,506, 5,235, 033, 
5, 034, 506, 5, 185, 444 . 

Polynucieotxde analogs havxng varxous amxne, peptxde, ana 
otner achxrai and/or neutral Ixnkages have been described: 
Caulfxeld et al., B l gQra^mr- , MPd,.-...i ^^ ^ ^ 2(121:2^-1- 
^776 (1993), Mesmaeker et ^i., BlQcrQr>nir , M.H,r-.n.i n^^^ 

l(3):395-39a (19941; AnaPw rho^ t,, 
ii(2; : 226-229 (1994), United States Patent No. 5,166,315, and 
United States Patent No. 5,142,047. 

Polynucleotxdes having thxoether and other sulfur linkages 
oetween subunxts are described xn, among other places Schnexder 
and Brenner, Tetrahfr l rPn ]^-^ ., 21(31:335-338 (1990), Huang et 
J . CCff . rhpm ., 11:3869-3882 (1991); Musicki and Wxdlanskx, 
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T Q L .1 d II e cir c ri L l: t: t: . , 2 2 (10; . 1 2 6 " - 1 2 0 (1991; ; H u a i ; c a . ^ a i a i a ri :d k ^ , 
Tprrahedron Lett. ., ^{19):2d57-2d60 (1992); and Reyncias et a^.r 
J. Org. Chem. ^7:2983-2965 (1992), and PCT puDlicaCion WO 
91/15500 . 

Other polynucleotide analogs of interest mcluae peptide 
nucleic acids ( PNAs j and related pc 1 ynuci eo t lae analogs. A 
description of how to make and use peptide nucleic acids can be 

found m, among other places, Buchardt et al., Trends m 

Bictech . . 11 (1993) and PCT publication WO 93/12129. 

Other oligoi:^ers for use m anti-sense inhibition have oeen 

TV^ ^ ^t- Oyr-^r- Mahl A^aH q4-S"!7Q-S"''^'^ 

•^■^ ^ \^ TZ.\J, j-li J.liiawi.l<^ i^L- tJJ..^ ^.i-w^. t-i^w-... t^wwt^t • u-M.m • ' ^ — t. 

I 1987), United States Patent No. 5,217,866, Lamond, Biochem . 5oc. 
Transact ions , iLI:l-3 (1993) ( 2 ' -O- al ky lo 1 igor ibcnuc leo t ides : , One 
et al., BiQccn-.u7^re Chemistry , 1:499-508 (1993^ ' 2 ' -aeoxyur id^ne 
analogs carrying an ammo linker at the 1 '-position of 
deoxyribose) , Kawasai et ai., J. Mgd . Chem. . 2^:331-841 :1993; 
( 2 ' -deoxy- 2 ' - f luoro phosphorothioa t e oligonucleotides;, PCT 
publication WO 93/23570, Augustyns et al . , Nucl . Acids Res . , 
2J.(20):4 67 0-4676 (1993). 

Additionally, oligomers may be further moaifiea so as to 
increase the stability of duplexes and/or increase cellular 
uptake. Examples of such modifications can be fcuna m PCT 
publication WO 93/24507 entitled " Con f o rma t i ona 1 1 y Restrained 
Oligomers Containing Amide or Carbamate Linkages for Sequence- 
Specific Binding," Nielsen et ai., ScL&nce. Z^^ • 1497-1500 il991;, 
PCT publication WO 92/05186 entitled "Modified I n ternucl eos ide 
Linkages," PCT publication WO 91/06629, filed October 24, 1990 
and United States Patent 5,264,562 filed April 24, 1991, both of 
which are entitled "Oligonucleotide Analogs with Novel Linkages," 
PCT publication WO 91/13080 entitled "Pseudonucleosides and 
Psuedonucleotides and their Polymers," PCT publication WO 
91/06556 entitled "2*-Modified Oligonucleotides," PCT publication 
WO 90/15065 filed on 5 June 1990 entitled "Exonuclease Resistant 
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Oiigonucieotides and Methods r-r -reoar — - 
States Patent No. 5, 256, '75. 

The olxgomers of che invention compr.se varxcus nuc'^..^ ac- 
lases. In add.txon to r.ucie.c ac.d bases found to oc-u- 
natural.,, x DNAor RNA, e..-., cyco3xne. adenxne, .uanxr.e 
thymxdxne, uracxi, and hypcxanthxne, the olxgcmers of ^he 
inventxon may comprxse one or more nuciexc acxd bases tha- are 
synthetxc analogs of naturally occurrxng acxd bases. Such .o.- 
naturally occurrxng heterocyclxc bases xnclude, but are no- 
iimxted to, aza and deaza pyrxmxdxne analogs, aza ana deaza 
purxne analogs as well as other heterocyclxc base analogs 
wherexn one or more of the carbon and nxtrogen atoms of the 
purxne and pyrxmxdxne rxngs have been sucstxtuted oy he t e roa torr.s , 
e.g., oxygen, sulfur, selenxun, phosphorus, and the Ixke 
Preferred base moxetxes are those bases that may be xncorporated 
into one strand of double-stranded polynucleotides so as to 
maxntaxn a base paxrxng structural relatxonshxp wxth a natura"- 
occurrxng base on the complementary strand at the double-strandeo 
poi ynucieot ide . 

The xnventxon provxdes many methods of treating a varxetv of 
immune dxsorders. The terms "treatment" or "treatxng" as used 
herexn wxth reference to a disease refers both to orophvxaxxs ana 
to tne amel. oration of symptoms already present xn an xnaxvxdua' 

wxll be apprecxated by the person of ordxnary sicxll xn the art 
that a treatment need not be completely effective xn preventxng 
the onset of a disease or xn reducing the symptoms assocxated 
with the disease. Any reductxcn of the severity of symptoms, 
aelay xn the onset of symptoms, or delay xn the progression of 
severxty of s^onpcoms xs desxrable to a patient. Immune disorders 
that can be treated by the methods of the invention xnclude the 
diseases xn which CD28 expressing T cells mediate or contribute 
to an undesxred xdxopathic effect. Inhibition of CD28 expressxon 
results xn the decrease of expression of cytokines normally 



p CT/TJ S96/0 1 507 

WO 96/24380 



interieu)cin-2, interferon gamma, and interie'^kin-c. Acccramg^y, 
Che methods of the invention inciude, but are net limited zo, 
methoas of treating diseases in which pathogenesis is meaiatea 
through in t er i euJcin- 2 , inter feron-gamma , inter ieuKin- 8 , or a 
combination thereof, whereby a T ceil mediated iTjnune response is 
interrupted or reduced. Examples of immune disorders that may re 
treated by administering the subject oligomers to a patient 
include organ transplantation rejection, septic shock, tumor- 
induced cachexia, and numerous auto-immune diseases. Autoimmune 
diseases that may be treated by the subject methods include 
aiseases that are mediated by aberrant T cell activation 
mcluGing Type I i insul in-dependent } diabetes, thyroiditis, 
sarcoidosis, multiple sclerosis, autoimmune uveitis, ulcerative 
colitis, aplastic anemia, systemic lupus erythematosus, 
rheumatoid arthritis, parasite induced inflammation and 
granulomas, Crohn's disease, psoriasis, polymyositis, 
dermatomyositis, scleroderma, vascul i tides , psoriatic arthritis. 
Graves disease, myasthenia gravis, autoimmune hepa tobi 1 1 i ar y 
disease, and the like. Additionally, the methods and 
compositions of the invention provide for tne treatment of a 
variety of syndromes, including septic shock and tumor- i nauced 
cachexia, in wnich the pathogenic effects are mediated, at least 
m part, by the lymphokine secreted from activated T ceils. 

The disease treatment methods of the invention comprise the 
steps of administering an effective amount of the subject 
oligomers to a patient. The precise dosage, i.e., effective 
amount, of CD2e-specific oligomer to be administered to a patient 
will vary with numerous factors such as the specific disease to 
be treated, the precise oligomer (or oligomers) m the 
therapeutic composition, the age and condition of tne patent, and 
the like- Protocols for determining suitable pharmaceutical 
dosages are well known to those of ordinary skill in the art ana 
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an oe founa. amcng other places, Rer.mgtcn ' s Fn^r^.^.,-- 



(latest editionj. Mack Puclishmg 



lompany, :iaston. Pa., 
anatneiike. 

I.n addition to administer.r.g the CD23 taraeted oligomers 
d-- = .iy to a patient, tne invention c = nte.,pl.ce3 metnocs ot 
treatment in which CD28- cells ,or ceils having the ootent^a^ 
express CD28, are removed from a patient ,with or without ^^he" 
ceils, and transformed with one or more different oligomers of 
the invention. Transformation may be by any of a variety of 
means well known to the person skilled m the art, e.g., 
eiectroporation. cationic lipids such as DOTMA or'DOSPA,' and 
-ke. Transformed cells may then be reintroauced into the body 

Another aspect of the invention is to proviae metnoos o' 
treating immune disoraer by means of administering CD28-spe^--- 
oi. corners, wnerein the oligomers are produced m trace!! - arl y 
through recombinant polynucleotide expression vectors 
intraceilularly-produced CD2 8 -speci f i c oligomers are necessar-- 
RNA or DNA molecules. Recombinant polynucleotide vectors fo- -ne 
expression of polynucleotide sequences of interest are well known 
to the person of ordinary skill m the art of molecular bioloav 
detailed descriptions of recombinant vectors for the expression 
or polynucleotides of interest can be found m, among other 
Places, "Somatic Gene Therapy," ed. P. L. Chang, CRC Press, Soca 
Ratcn .1995), R. c. Mulligan, S^ien^^, ZM:926-932 .;1993), r W 
Anderson, Sc ^ en<^f , Zl£:808-873 (1992), Culver et al., H^uir.. ^^n. 
1^.. 2:107-109 (19911, and the like. Suitable recombinant 
vectors for use m the subject methods of treating immune 
disorders through genetic engineering are either able to 
integrate into the genome of T cells or replicate in the 
cytoplasm of T cells. CD28-speci f ic oligomers for use m 
intracellular administration are preferably significantly longer 
than CD28-specific oligomers for extracellular administration, 
in a preferred embodiment of the subject methods of intracellular 
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C::23 adniinistratiior-, the CD2B-specif-C oligomer is ccmpiemenrary 
to one or more entire CD28 transcripts cr the entire ZZ23 gene; 
however, s'litabie mtracel lalari y-produced CD2 3 - speci f ic 
oligomers may be cons icier abi y shorter m length. Cnlike extra- 
cell ularl y-adirtini s ter ed CD28-speci f ic oligomers, CD29-5pecific 
oligomers do not present probiem.s with intracellular uptake or 
hydrolysis by extracellular enzymes. The sub:)ect methods of 
using intracellular CD2 9-speci f ic oligomers may involve 
administering CD2 8 - speci f i c oligomer-encodmg recombinant vectors 
directly to a patient. Alternatively, CD2 8 - spec i f ic oiigomer- 
producmg vectors may be administered directly to cells that have 
been removed from a patient (i.e., stem ceils, T ceils, whole 
blood, marrow, etc.), whereby transformed cells are oroduced. 
The transformed cells nay be subsequently be reintroduced into a 
patient . 

The invention also specifically provides for expression 
vectors capable of expressing one or more of the oligomers cf the 
invention. Generally, such expression vectors comprise, in 
operable combination, a promoter and a polynucleotide sequence 
encoding an oligomer capable of inhibiting the expression of CD28 
m a T cell. Although many different promoters may be used m 
the vectors cf the invention, preferred promoters are capable of 
driving the nigh level expression m T ceils. The expression 
vectors of the invention may also comprise various regulatory 
sequences. Currently available expression vectors, especially 
those vectors explicitly designed for gene therapy, may readily 
be adapted for the expression of CD28- targeted oligomers of the 
invention. The vectors may be adapted for the expression of 
CD28-targeted oligomers using conventional genetic engineering 
techniques such as those described m Sambrook: et ai., MoleCU i a i : 
Cloning , 2nd Ed., Cold Spring Harbor Press, Cold Spring Harbor, 
N. Y. f 1989) . 
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Another aspect of t-e ir.vei- 

^- - --ven. to provide p na r.T.a c eu - ^ - a 

^.-.-la..ons ror the ad..n.......on ot the ol.ao.ers c- -^e 

-.-vent.c. 3o as to e.fect the t.eat.e.t o. s vs t ;.::e. ■ 3 - e 

P-duceo -oy the person of c.d.na., s..i: ;!^"^-^ 
Pna..aceut.ca: science. Such fo.^u.at.ons co.p.^se c'^e . . .o^e 

' °^^^-e.s Of the .nvent.on; howeve., .n enU.od..e^-3 of 
^nvent.on co.pr.sxn, .ore than one d.fferen^ ^vpes ^ 

eU,o.e.. ate p.efetaM. se.ecte. so as to" Z l-^rT'' 
.ct....e w.th on. .nothet. .he pha.^aceut.caX fot.u.at^^s of 
^.^.e .nvent.on ...ay .e adapted for ad..„. s t ra t. on to the .^..^a 
."-■.meet Of ways suitable for the selected .ethod of 
aa.-n.nistratxcn. xr.clud.ng orally, xn t r avenousl y , xn 



" -"'-'•''venousiy, X n t rarr.us cul a r 1 u 

^-.raperxtonealxy, topxcally, and the Ix.e. In addxtxon 
-^Prxsxn, one or .ore dxfferent olxgomers of t.he xnvent o".' the 
u..ect Pharmaceutical for.ulatxons .ay co.prxse one or : ^ 1- 
.0 0 ,,,, ^ ^ excxpxents. such as 

a ll r ^""^ -ulsxfxers, cxndxn, 

a.ents. thxc.enxng agents, salts, preservatives, and the Ix.e 
-or.ulatxons for parenteral adn,xnx stratxon .ay xncluoe ' 
rx.e aqueous solutxons, whxch .ay also contaxn buffers 
^x.uents, and other suxtable addxtxves. Phar.aceutxca ' ' 
-ornul.txons of the xnvent.on .ay be desxgned to prorno;e 
cellu.ar upta.e of the olxgo.ers xn the co.pos x t xon , e.^,.""t.e 
oxxgcers may be encapsulated xn suxtable Ixposomes 

-^harmaceutxcal formulatxons for topxcal ad.xnxstra txon are 
Pecxally useful for localx.ed treatment. Tor.ulatxons for 
CO x ^^^^^^^^^^ ^^^^^^^ ^^^^^ suspensxons, 

-txons, creams, and the lx)ce. Formulations for topxcal 
ad^xnxstratxon may xnclude, xn additxon to the subject oligomers 
^^nown carrier materxals such as isopropanol, glycerol, paraffxn 

:::: b:"""' pharmaceutxoau; 
accep.able carrxer may also xnclude a .nown c.hemxcal absorotxon 
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- 2 ^ - 

promoter. Examples of absorption promoters are e.g., 

dime thylace tamide lUr.ited States Patent No, 3,4 7 2,9 3 1'., 

t richlorc-e tnanoi or t r i f i uo roe t hanoi (United States Patent 

N'o . 3, 891, "571, certain alcohols and mixtures thereof (British 

Patent No. 1,001,949), and British patent specification No. 

1,464,975. 

In addition to the therapeutic uses of the subject 
oligomers, the oligomers may also be used as an analytical 
laboratory tool for the study of T cell activation. T cells .^ave 
several surface receptors m addition to CD28 and the antigen 
soecific :' cell receptors. Difficulties arise m studying the 
individual biological properties of selected receptors because of 
potential and actual interactions between multiple receptor- 
mediated pathways. By providing a mechanism for decreasing CD29 
expression m T cells, the oligomers and methods of the invention 
also provide useful laboratory methods for studying T cell 
behavior maependentl y of the CD28 activation pathway. 

The invention may be better understood by referring to the 
following examples. The following examples are offered for the 
purpose of illustrating the invention and should not be 
mterpretec as a limitation of the invention. 

VI . EXAMPLES - SERIES 1 
Qligonu cleotidea 

Oligodeoxynucleotides were synthesized on an automated DNA 
syntnesizer (Applied Biosystems model 394) using standard 
phospho r amidi t e chemistry. 3 - cyanoe thy Iphosphoramidi t es , 
synthesis reagents and CFG polystyrene columns were purchased 
from Applied Biosystems (ABI, Foster City, CA) . 3 ' -AiriinoModi f ler 
C3 C?G colum-s were purchased from Glen Research (Sterling, VA) . 
For chosonorothioate oligonucleotides, the standard oxidation 
bottle was replaced with tetraethylthiuram 

disul fide/ ace tonitrile , and the standard ABI phospho ro thioa te 
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program was used r~- the =:r = r„ ^ ■ 

•^^ka^es r -d=^'-=r. or phosphoroth.oate 

--des wxn. concer.crated an^on.u. hydrox.de a. 55«c for 9 hours 

^^-L.. roliowing cleavage of the DMT 

o;I""- "'^"-^^---^^ '^^^^^ — - -^^^ -d etnanol 
r.c.p^.at.on, the p.r.cy of the product was assessed by HPLC 
-xng an analyt.ca. CIS cciur^n .BeC.an, Pul^erton, CA, 
= ..gonucleot.des of >.o , pur.ty were lyophU..ed to drvness . 
^^^_-.onucleot.des were reconstituted .n ster.Xe de.on..ed water 

.-r; - = <^ to 400 uM follow.n, evaluatxon of 

-L^oOnm, aliquoted and stored at -^0°C prior - 

. prior to experimentation. 

- - cases, at least three batches of each oligonucleotide 
-isted in Table 1 were used. 

Ceil lin^ r r an^ t n^n o,,^. f ^ ^ ^^ ^^ ^ , ^ 

Peripheral blood mononuclear cells (PBMCs, were isolated 
-'-'o. the buffy coat following ncoll-Hypague density gradient 
-^..-ri.ugation of 60 n,l blood from healthy donors. T-cells were 
-en purified from the PBMCs using Lymphokwik lymphocyte 
^solation reagent specific for .-cells ,I,K-25T, One Lambda, 
-anoga Par. CA, . ^ ..erage yield of .0 - ,0 x 10' T-cells were 
-en i.ncubated overnight at 37'c in 20 - 30 ml RPMI-AP5 
^RPMZ-1640 medium (ICN, Costa Mesa, CA, containing 20 uM HEPES 
b'^^fer, pH 7.., 5% autologous plasma, 1 % L-glutamine, 1 . 
Penicillin/streptomycin and 0.05* 2-mercaptoethanol , to remove 
ahy contaminating adherent cells. m all experiments, T-cells 
were washed with RPMI-AP5 and then plated on 96-well microtitre 
P-ates at a cell concentration of 2 - 3 x 10' cells/ml. 
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The T-cell lymphcma cell lines, Jurkat E6-1 ^CD23-/CD4*: 
ceils :152-T:B) and HUT 78 (CD28-/CD4+^ ceils (TIB-161] ;ATCC, 
RocKville, MD) were maintained m RPMI-10 (RPMI- 1 640 meai^jm con- 
taining :0 'OM HEPES buffer, pH 7.4, 10 % fetal calf serum -FCS) 
:HyciQne. Logan, UT ) , 1 L-glutamme and 1 ^ penici 1 1 1 n / s t r ep- 
tomycm j . 

Mitoaen-:Lnduced T-cell activation 
and oiig onueleotidfe treatment 

Pricr to the addition of human peripheral T-cells or T-ceil 
lymphoma cell lines (0,2 - 0.3 x 10^). duplicate 96-weli 
mjLcrotitre plates were pre-coated with purified anti-CD3 
monoclonal antibody { mAb ) t6,25 - 200 ng/well) (clone HIT 5a. 
rharmmgen, San Diego. CA) and washed twice with cold 
phosphate-buffered saline, pH 7.4 (PBS). Anti-CD3 mAb-treated 
T-cells were further activated by the addition of 2 ng phorbol 
12-myristate 13-acetate (PMA) ^ Ca Ibiochem, La Jolla, CA) and 
incubated for 48 h at 37°C. Anti -CD3 /PMA-activated T-cells were 
treated with 1 - 2 0 uM CD2 8 - speci f ic and control oligonucleotides 
immediately following activation and re-treated 24 h ^ater. 
T-cells from one duplicate plate was used for immunofluorescence 
analysis ana the supernatants used for cytokine studies and tne 
second plate was used for T-cell proliferation analysis. 

Immunof ] \iqr^sc&nr.e studJ.efl . 

Following activation, 150 ml cell supernatant from the first 
duplicate microplate was transferred to another microplate for 
analysis of cell-derived cytokine production. The remaining 
cells were washed twice with isotonic saline solution, pH 7.4 
(Becton Dickinson. Mansfield, MA) and resuspended m 50 ml 
isotonic saline solution and split into two samples. One sample 
aliquot was co-stained with either PE-CD2 8 / FITC-CD4 or 
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?E Cr54/-:TC-CD25 mAb ana non-SDecific f 1 Lice s cen - . 
by seaming -he second aliquot with PE / FI TC - 1 ace 1 ed 
isctype-nacched concrci rr.onoclona: antibodv/ Ail 
fluorescence-labeled monoclonal antibodies ' were obtained from 
Bec.cr. Dickinson ..San Jose, CA. . Incubations were performed i. 
the dark at 4=C for 45 mm using saturating rrAb concentrations 
unincorporated label was removed by washing m PES prior ^ r~ the 
analysis with a FACScan flow cytom.eter (Becton Dickinson) 
Antigen density was indirectly determined m gated live cells and 
expressed as the mean channel of fluorescence (MCF) . Surface 
expression of specific antigens ,CD54, C-S, was represented as 
the mean channel shift (MCS) obtained by subtracting the MCF of 
FITC- or PE-labeied i so type-ma tched (IgGl! control n^-stained 
cells from the MCF of FITC- or PE-labeled antiaen-speci f ic mAb 
stained cells. Alternatively, surface expression of the 
CD4--subset Of cells stained with CD28 mAb was determined by 
subtracting the MCF of CD28- CD4' from the MCF of CD2S- CD4- 
cells. The viability of control untreated and oligonucleo- 
tide-treated cells were determined in each batch of all oligo- 
nucleotides m multiple donors by staining with the vital dye 
propiaium loaide ,5 ug/mi fmal concentration,. The percentage 
or live cells which excluded propidium iodide was determined bv 
:-ow cytometry and was > 90 % (range 90 - 99 i ) following 
treat.T.ent with ail batches of all oligonucleotides at a dose 
range of 1 - CC uM (Figure 2). 

Cytokine analy^f,^ 

Cell-derived human cytokine concentrations were determined 
in cell supernatants from the first duplicate microplate. 
.Vitogen-mduced changes in interleukin-2 (IL-2) levels were 
= eter-.ined using a commercially available ELISA kit (R&D 
syste.T.s Quantikine kit, Minneapolis, MN) or by bioassay using the 
:i.-;-dependent cell line, CTLL-2 (ATCC, Rockville, MD). 
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Ml c cgen- mauced c nances m inkier fer^n-ganuna and ^ n i 1 e u m n~ 3 

11-9 1 levels were determined by ELISA using kits from Endogen 
:Camr;ridge, MA) and R i D systems ;Quantik;ine kit, Minneapolis, 
r-lN ) resoecti vei y . All ELISA results were expressed as pg/ml and 
tne CTlL-2 bioassay as counts per minute representing the 
: 2 -dependent cellular incorporation of 'H-thymidme ( ICN, Costa 
Mesa, ZA) by CTLL-1 ceils. 



T-cQll p roliferation aaaav. 

The second duplicate microplate m all experiments were 
ana^ved for changes m mi togen-mduced T-cell proliferation. 
'2h following anti-CD3/PMA activation and m the absence or 
oresence of o 1 _ gcnuc _ eo t i de s , cells were pulsed with 1 uCi 
H-thvTnidme (ICN, Costa Mesa, CA) and incubated overnight at 
3l°C. Ml togen- mducea cell growth, as assessed by incorporation 
of radioactive label, was determined by harvesting the ceils ana 
scintillation counting on a Wailac Betaplate counter fWallac, 
Gaithersburg, MD) . 

Inhibiti on of CD29 expreaaion in activated 
human T-oella by rD29-3p ecif ic oliaQnucleQtldea 

.^nt 1 -CC3 / PMA treatment of human T-cells increased the 
surface expression of CD28 (using immunofluorescence analysis) 
from a MCS of 122 ±7.^4 m resting T-celis to a MCS of 150 ±9.27 

(n = 91. The difference m CD28 expression in resting and 
activated T-cells is defined as mi togen- i nduced CD29 expression 

: Figure 3A) . Figure 3B and 3C shows the treatment of 
anti-CD3/PMA-activated T-cells with phosphoro thioate (denoted as 
S-o^igomers, Figure 33) and phosphoro thioate- 3 ' amine (denoted as 
A-oligomers, Figure 3C) forms of CD29-specific and control oligo- 
nucleotides m 2 donors and with 2 separate batches of each 
oligonucleotide. Of the four candidate oligonucleotides, RTOl - 
RTC4, iTable 1), m the dose range 2-10 uM, both 
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= nrspnc.r=-,hi3a-.e ar.d phos pnor = c.-.i te- 3 ■ amine fcrr-.s : f ?~0'- ard 
?.t:^ were che most active inhibitors of mi coaen - 1 nauced CD23 
expressicn, both inhibiting induced CD28 expression cy greater 
than 5C: ;:c.:) at 5 uM or less. These two ol igonucl e c 1 1 des , 
which airfer m length, were designed to hybridize wi-.- a s-'^etch 
of douDle-stranded DNA, 5' upstream of the transcription 
initiation site of the CD2S gene. No similar dose-deoenaent 
inhibition of .mitogen-mduced c::28 expression was observeo with 
tne control oligonucleotides, RTCOl (SEQ ID NO: 5) - (SEQ 

-able 1). All experiments were performed on at least 
three batches of each oligonucleotide using T-ceiis from 7 
aonors. The fact that oligonucleotide regulation of CDCS 
e.xpressicn was de.mons tr abl e m human T-ceils is critica. cecause 
peripheral, epidermal and dermal T- 1 ymphocy tes are the intended 
target of CC2 8 - speci f i c oligonucleotides. 

Inhlb j .t .l .gn of mi tooan-i nrl .ueed T-^n ], ] 

The mitogenic effect of anti-CD3/PMA treatment was 
de.T.onstrable cy the augmented proliferation observed following 
the activation of resting T-ceils. The incorporation of 
H-thymidme, represented as counts per minute, was 3016-?1 ± 
A^S:5 n = 9: m activated T-cells and 650 ± 566 in = 9' m 
resting T-cells. The effect of anti-CD3 and PMA on T-cell 
proliferation are synergistic as shown m Figure 4A. Figure 4B 
shows a representative experiment of the effect of CD28-speci f ic 
and control phosphorochioate oligonucleotides on 

anti-C-3.'PMA-activated T-cell proliferation. In at least seven 
separate experiments, all m the dose range 2 - 10 uM. both 
Phosphorothioate .data not shown) and phosphorothioate- 3 • amine 
(Figure 4B) forms of RT03 and RT04 were the most active 
inhibitors of mitogen-induced T-cell proliferation, inhibiting 
T-cell proliferation by up to 45%. No similar dose-dependent 
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mnibiiion of mi togen- i nduced T-ce-i prcii f eraLion was ooservea 
wirh tr.e control oligonucleotides, RTCCl (3EQ ID NO: 6) - RTC06 
;SEC :r NO: 10). Here, treatment with CD2 3 - speci f i c oligonucleo- 
tides, RT03 and could reverse the hype rp r ol i f e r a t ion of 
activated T-cexls thus demonstrating that regulation of the CD23 
pathway had a significant effect on one vital biological function 
of T-cell activation, T-cell proliferation. 



Inhibition of actiiv ar .ed T-cel 1 -d QiTivect gytoKine 
pi-Qdugtion hy cD2 P -'*p*>gi-fir oliaQnucleot i dea 

Activated T-cells produce a variety of irrjTiunomodul a tor y 
cytokines including IL-2, m te r f e r on- gamma and IL-6. CD28 
-inducible restriction elements fcr 11-2 and IL-8 have oeen 
demonstrated m the promoter sequences for both genes and have 
subsequently been shown to be regulated by the CD28 pathway 
(Fraser ec ai . , (1991) Science 251:313-316. Seder et al-, (1994i 
J Exp Med I"' 9 : 2 99- 30 4 ) . Inter feron-gamma also has been shown to 
be regulated by the CD28 pathway (Wechsier et ai . . Imi^Unc l^/ 
153 : 2515-2523 {1994)1- Anti-CD3/PMA treatment of resting T-ceils 
dramatically increased the T-cell -derived levels of all three 
cytokines Figures 5A, 6A and 7A) . Figure 5, 6 and res- 
pectively depict the effect of phosphorothioa te (B) and 
pnospnorothxoate-3^ amine versions of CD2 8 - spec i f ^ c and control 
oligonucleotides on IL-2, inter feron-gamma , and IL-8 production 
.n activated T-ceils from the same representative donor. The 
CD28-specific oligonucleotides, RT03 (SEQ ID NO: 3) and RT04 ( SEQ 
ID NO: 4) but not the control oligonucleotides, RTCOl {SEQ ID NO: 
5)- RTC06 (SEQ ID NO: 10) (data not shown}), inhibited 
m^toger.-mduced IL-2, inter feron-gamma , and IL-8 production m 
activated T-cells in a dose-dependent manner. Both phosphoro- 
thioate (IC.n 5 uM) and phosphoro thioate- 3 ' amine (IC,o 10 uM) 
forms cf the CD2 8 - speci f ic oligonucleotides were equally active 
the dose range 2 - 10 uM . Similar results for all three 
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cy.ckir.es were seen with 4 or mere differer.c aor.crs. These 
reservations de.^onstrate that CD28-specx-c oi .aonucieotxdes we^e 
a.sc capable of regulating multiple effector molecules of the 
--C5 pathway of T-cell activation. 

The specificity of the CD2 8 -speci f i c ol iaonuci eo t i de s HT03 
and RTC4 was evaluated by three methods. 

(1) CD2 8-indeper.d«nt T-c«ll activation marJcars . 

The first method was to determine wnether these CC28- 
specific oligonucleotides were able to inhibit the e.xpression of 
otner numan T-cell activation markers which act independently 
t.-.e CD28 ccstimulatory pathway. Activation of resting T-ceils 
significantly increases the expression of both the IL-2 receptor 

CD25> and the intracellular adhesion molecule, ICAM-1 (CD54) 
However, both these accessory molecules are regulated 
independently of the CD28 pathway (June et al., Mol . -.11 p,^i 
2:4472-4481 (1987,, Damie et ai., J. Tmn.nnnl 1^:254 1 (1992))' 
Figure 8 shows the effect of CD2 8 -speci f i c and control oligo- 
nucleotides on CD25 (Figure 8A) and CD54 (Figure 8B) expression 
m r-.itogen- activated T-cells. No significant decrease in the 
activated T-cell expression of both CD25 and CD54 were observed 
following treatment with all CD28- specific and control oligo- 
nucleotides m the dose range 2 - 1 0 uM . This clearly 
aemonstrates the specificity of the CD2 8 - speci f i c oligonucleo- 
tides in inhibiting expression of their target protein. 
(2) CD28-n«gativ« T-cq11 lin«, HUT 78 

The second method was to demonstrate that the CD28 pathway 
was really the target for CD28-speci f ic oligonucleotides by 
comparing mi togen- induced IL-2 production in a CD28*, T-cell 
leukemia cell line, Jurkat E6-1 and a CD28-, T-cell lymphoma cell 
-me, HUT 79. Figure 9A confirms the absence of CD28 expression 
m both resting and activated HUT 7g cells whereas constitutive 
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levels of CD28 increases upon dctivatiion m Jurkar E6-I ceils 

Figure 9B) . In CD28+ Jurkat E6-1 ceils, CD2e-specific but not 
control oligonucleotides were able to inhibit mi togen- i nduced 
CD2S expression (Figure 9C) and also mi togen- induced IL-2 
croduction (Figure lOB). In contrast, m CD28- HUT 78 ceils, 
mi togen-mduced IL-2 production was not affected by CD28-specific 
and control oligonucleotides (Figure lOA) . This clearly 
demonstrates the specificity of these oligonucleotides to inhibit 
only CD28 - regulated IL-2 production. 

(3) Specific activation of CD28 pathway 

The third method was to activate resting T-cells specif- 
ically via the c:^28 pathway using anti-CD29 monoclonal antibody 
.n ccrri^mation with mitogens i anti -CD3/ PMA) using identical 
protocols to those used m activating T-celis with mitogens 
alone. Anti-CD28 mAb m combination with PMA or 3nti-CD3 mAb has 
been previously shown to provide the cos timuiatory signal to 
resting T-cells and promote only CD2 8 -dependent and not 
TCR-dependent augmentation of T-ceii proliferation and cytokine 
production (June et al., (1987) MO 1 , Cfiil BiOl-. 2:4472-4481). 
Phosphorothioate and phosphoro thioa te- 3 ' amine versions of 
CD2 S -speci f ic out not control oligonucleotides were able to 
inhibit CD28-dependent activation of rL-2, IL-S and mterferon- 
gamma production and T-ceil proliferation m 

anti-CD28/mitogen-activated resting T-ceiis (data not shown) . 
This clearly demonstrates that only the CD28- speci f i c oligo- 
nucleotides act only on the CD28 pathway of T-celi activation. 

VII. EXAMPLES - SERIES 2 

Qligonu cleo tides 

Oligonucleotides were synthesized with an Applied Biosystems 
394 DNA synthesizer. Phosphorothioate linkages were introduced 
after the standard oxidation bottle was replaced with tetraethyl- 
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'-."^.uram d. suif.de. aceronxtr.le. The pur.ty of -^•-.~,„ . 

-eotiaes of 

. ^^^^ uryness ar.d reccns ^ ^ - r 

water (400 uM > :i r- i =-^n^ jtea in 



'-^.des was assessed by analytical HPLC. All ol . ac.c " eo^ • .^s 
pury.y were .yophx-zed to dryness and reccns t . t u t la \ n 



>90 



X cell actjvarip n aH.,; ^i,.fT 

Peripheral blood mononuclear cells (PBMCs, were -solated 

y T cel. enrichment using Lymphokwik (One Lambda > 
contaminating monocytes were removed by adherence r. ..as^-- 
-ri-led T ceils were > 99, CDZ' , <1, hLA-DR" and < 5". -n:;.' 
_urKat E6-1 :cd:s-/CD4-; t cells and HUT ^8 (CDSSVCD.-, resells 
and the monocytic cell iine, THP were obtained from ATCC Cells 
were cultured at a concentration of 0.2 - 0.3 x lOVwei. and 
activated with plate-imn.obilized anti-CD3 monoclonal antibody 
<mAb, .:hIT3a 0..5 ug/ml, <PHarmingen) and 2 ng phorbo - 
-^-myristate 13-acetate ,PMA) (Calbxochem, . 



cells were co-stained with either PE-CD2 8 / FITC-CD4 or 
?E-CD54/FITC-CD25 mAb or with PE / FITC- 1 abe 1 ed 1 so t voe-ma tched 

controls (Bectcn Dickinson). cell surface ^r.r. 

V.CJ.1 surrace antigen density i;CD2S, 



. .D25, was confirmed by fiow cytometry (FACScan, Becton 
Dickinson,. Viability was assessed by propidium iodide ,5 ug/m. 
exclusion in control untreated and ol igo- treated CD4- cells from 
multiple donors and was typically > 90 % (range 90 - 99 
fo.lowing 48h incubation with 1 - 1 0 uN o f each batch of all 
oi igonucl ec tides . 
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Prolxfe T-atiion and cvto)tine asaavs 

Proliferative responses were assessed by measuring 'H 
-ihyroidme { lu Ci, ICN) incorporation for the last i6h of each 
assay. Ceils were harvested onto filters and DNA synthesis was 
measured following scintillation counting on a Wallac Betapiate 
counter. Cytokine concentrations in culture supernatants were 
assayed using ELISA kits for IL-2, IL-8 (R & D Systens) ana IFN-v 
lEndogenl or by bioassay using the I L- 2 -dependent cell line, 
CTLL-: (ATCC) . 

RT-PCR g inrl fioutihern Anaivsia 

Cota^ cellular RNA was extracted using Trizol reagent 
■;GIBC0/BRL) . The cDNA synthesis reaction iPromega) was performed 
using oligomer (dT);. primer and AMV reverse transcriptase :H. 
C.J. The PCR reaction (GeneAmp PGR kit. Perkin-Elmer Cetus) 
consisted cf 50 ui mixture containing 3 pi of cDNA, dNTPs leach 
at COO uM) , 0.5 uM of each primer and 1 unit of Taq polymerase. 
The primers used were as f ol lows : CD28 , 5 ' -CTGCTCTTGGCTCTCAACTT - 3 ' 
;:sense; and 5' AAGCTATAGCAA GCCAGGAC- 3' (antisense), inter- 
leukm-O receptor p55 alpha chain primers {Stratagene) and pHE7 
ribosoma: gene. Kac, H.-T., Nevms, J. R- (1983) Mfi 1 . Cg il . 
aj^. 3, C058-2O65 Amplification conditions were 45 sec at 
: mm at 5^'C and 2 min at 72''C for 35 cycles, followed by 8 mm 
at '2-C. PCR products were separated on 2% agarose, transferred 
to Hybcnd membrane (Amersham) in 20 X SSC overnight and 
immobilized using 0.4 M NaOH . Blots were hybridized with 
-P-yAT? labeled oligonucleotide probes. Washed blots were then 
analyzed using Phosphor Imager . 

MT^ and a llQantiaen-flPecif IC T rrp ] 1 aflflava 

For MLR responses, PBMCs were cultured (1:1) with mitomycin 
C-treated (50 yg/ml) PBMCs from a HLA-di spara te individual. In 
alloantigen-specific T cell assays, T cells isolated from PBMCs 
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of --eranus-toxoid-pri.T.ed healthy donors were cul'.urea 1:1. wic 
autologous .-^.i tomycir. C-treated PBMCs m the presence cf tetanus 
toxoid >2 ug/mi. List Biologicals ; . In both assays, 2 x lo< 
relis/well were cultured for 6 days at 3 -'C prior to further 



anal vs±s . 



Temporal oligonucleotide stability analyses were performed 
as described previously (Tam, R. C, Li, Y.^ Noonberg, S.. Hwang 
0. G., Lui, G., Hunt, C. A., Garovoy, M. R. (1994} NuclPir Ar-^ri<. 

22, 977-986). Oligonucleotide degradation profiles were 
assessed by electrophoresis and quantitated using Nickspm 



col umns 



Inhibit i on CP?R PTf^reaaion bv Dho^r.ho^n^H ^o^t.^ oi . ^ ^ ^ ,^^1 
Ucieg spe^3fir pind affect ^c.i.^^i'^ r ^^ii 

Figure 11 summarizes the effect of the phosphorothioa te 
oligonucleotides from Table 3 on surface expression of accessory 
r^oiecules and on cytokine secretion in activated T cells. The 
oligomers used were designed to hybridize to the 5' untranslated 
region ( UT ) cf the CD29 gene, and were either antisense (AS) or 
G-rich sequences. Control oligomers were either sense strand 
:SS! cr complementary strand fCS) sequences. 48h treatment of 
resting T cells (R) with anti-CD3 antibody and PMA augmented the 
expression (Ac) of the accessory molecules, CD28 (A) , CD250) and 
CD54.X- and of the cytokines, IL-2{D), I FNy ( E ) and IL-8(F) Data are 
presented as mean standard deviation of triplicate samples. The 
cumulative effect of two additions (0 and 24h) of 2uM {^) , 
5'uM(^) and lOuM (^) of the phosphoro thioates from Table 3 on 
activation-mduced T cell function was monitored by 
immunofluorescence analysis (accessory molecules) and by 
determination of secreted cytokine levels using CTLL-2 bioassay 

and ELISA (IFNy, IL-8). Surface antigen density (MCS), m 
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gated live C2^' ceils was measured as the increase mean 
channel of fluorescence compared to IgGl controls. 11-2- 
dependent cellular incorporation of 'H-chymidine was measured as 
counts per minute {cpmj and inununoreacti ve IFNy and IL-9 as 
pg/ml . The data shown, all derived from experiments performed on 
T cells isolated from a single donor, are representative of 
experiments from 9 separate donors. 



Table 3. Phosphoro thioate oligonucleotides 



Oil go 


S equence 


' 5 ' 


to 


3' ) 






Description SEQ 


ID 
NO 


?T01S 


TTG 


TGG 


TGA 


CGA 


TGG 


'~ Ti 

OV, i 


A 


AS 5' UT "7 9-97 


42 


?T02S 


AGC 


AGC 


CTG 


AGC 


ATC 




GT 


AS 5' UT 94-113 


4 3 


?T03S 


TTG 


GAG 


GGG 


GTG 


GTG 


GGG 




G-rich 5' UT 59-75 


44 


RT0 4 5 


GGG 


TTG 


GAG 


GGG 


GTG 


GTG 


GGG 


G-rich 5' UT 53-73 


45 


?.TC01S 


TAG 


CCC 


ATC 


GTC 


AGG 


ACA 


A 


SS to RTOl 


46 


RTC02S 


ACA 


AAG 


ATG 


CTC 


AGG 


CTG 


CT 


SS to RT02 


47 


RTC06S 


AAC 


CTC 


CCC 


CAC 


CAC 


CCC 




CS to RT03 


48 



The data demonstrates that selected phosphorothioa te 
oligomers tTable 3) can specifically block activation- induced 
CD2S expression in CD4* T cells. In a representative doner 
(Figure llA), activation-induced CD28 expression but not IL-2 
receptor {CD25) or intracellular adhesion molecule-1 (ICAM-l or 
CD54) expression, was inhibited in a dose-dependent manner by the 
phosphorothioate oligomers, RT03S (SEQ ID NO: 44) and RT04S (SEQ 
ID NO: 45) (IC„ s 5 uM) . No similar inhibition was observed with 
the antisense oligomers. RTOIS (SEQ ID NO: 42) or RT02S (SEQ ID 
NO: 43) or the control oligomers, RTCOIS (SEQ ID NO: 46), RTC02S 
(SEQ ID NO: 47) and RTC065 {SEQ ID NO: 48) . Furthermore, we 
provided evidence that the active oligomers modulated activation- 
mduced CD28 by blocking transcription m activated human T 
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cells . 
c u not a 



At 10 RT03S ,3EQ - NC : ^4! and RT04S :SEO ID NO- 4-. 

a representative con-rol oligo, RTC06S (SEQ ID VO- 48) 
reduced expression of ac cx va t xon- xnduced levels of :-29 but noi 
11.-1 receptor mRNA (Figure 12). 

--^gure 12 shows the effect of phospnorothioate ol.gonucleo- 
t.des at 10 UN on CD28 and CD25 :nKNA levels. Resting ,lane 1, and 
an.i-CD3/PMA-activated ,6h) levels of CD2B and CD25 mRNA, xn the 
acsence (lane 2) or presence of the oligonucleotides, RT03S (SEQ 
ID NC: 44) -lane 4), RTC06S (SEQ ID NO: 64) (lane 5; and RT03D 
.SEQ ID NO: 49, (lane 6) were detected following RT-PCR of total 
cellular RNA and Southern analysis using specific, raoiolabeled 
prooes. The CD28 probe was derived from exon 2 ( 5 ' -ACGGGGTTC 
A..CTGTGATGGGAAArTGGGCAA-3'> and for IL-2 receptor, che probe was 
generated fron the original primer mix. Equivalent loading was 
assessed following hybridization with a probe generated from pHE7 
sense primer. RNA from CD2 8 -deficient HUT (7, and THP (3) cell 
ixnes were used as controls. The data shown are representative of 
3 separate experiments. 

Thus the specific inhibition of CD28 mRNA levels by 
biologically active phosphorothioates paralleled their effect on 
CD29 surface protein. Moreover, active oligomers abrogated 
activation-ir.auced T cell function, as RT03S (SEQ ID NO: 44) and 
P.T04S ,SEQ ID NO: 45) but not RTOIS (SEQ ID NO: 42) or RT02S (SEQ 
:3 NO: 43) or the control oligomers, RTCOIS (SEQ ID NO: 46), 
RTC02S (SEQ ID NO: 47) and RTC06S (SEQ ID NO: 48), markedly' 
inhibited anti-CD3/PMA-induced synthesis of the cytokines, IL-2, 
IFNY and IL-8 by activated T cells (IC„ , 5 uM, range 2 - 10 uM) 
( Figure 1 IB) . 

As alternate cos timul a tory pathways can also induce 
iyrnphokine synthesis in activated T ceils (Damle, N, K., 
Kluss.^an. K.. Lmsley, P.S., Aruffo. A. (1992) J. Tm^nnoi 14B, 
^99--1992), .t was important to determine whether the biological 
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acrivicy of RT03S (SEQ 10 NO: and RT04S (SEQ ID NO: 4 5 was 

specific to functional CD2Q expression. Accordingly, we compared 
the effect of phosphorc thioa tes on anti -CD3 / PMA-induced IL-2 
production m a CD28\ T cell leukemia ceil line, Jurkat E6-i and 
a CV2S', T cell lymphoma cell line, HUT 78. As summarized ir. 
Figure 13, ASh treatment of resting ceils (R) with anti-CD3 
antibody and PMA increased CD28 expression (Ac) in Jurkat (A, 
right! but not HUT 78 (A, left) cells. However, activation 
augmented IL-2 production in Jurkat, (C left), and HUT 78 O, 
left) cells. The active oligonucleotides, RT03S (SEQ ID NO: 44) 
and RT04S iSEQ ID NO: 45), at 1 uM {Q; 2 (M / 5 uM and 

10 uM ([|]) inhibited CD28 expression (B) and IL-2 levels (C, 
right) m activated Jurkat cells but had no effect cn 
CD28-independent IL-2 secretion m activated HUT 78 cells :D, 
right) . The data shown are representative of three separate 
experiments . 

In Figure 13A, immunocyto f luoromet r i c analysis confirmed the 
absence of CD28 expression m both resting and activated HUT 78 
ceils, whereas constitutive levels of CD28 increased upon 
activation m Jurkat E6-1 ceils. Furthermore, m Jurkat E6-1 
cells, RTC3S !SEQ ID NO: 44) and RT04S (SEQ ID NO: 45) (range I - 
lOuM) significantly inhibited both ac t i va t ion - i nduced CD28 
expression (Figure 13B) and IL-2 production (Figure 13C). In 
contrast, although activated HUT 78 cells produced similar levels 
of IL-2, no comparable oligo-dependent inhibition of this 
lymphokine was observed (Figure i3D) . 

We also demonstrated that T ceil activation (expression of 
CD28, IL-2, IL-8 and IFNy) directed by a specific anti-CD28 mAb 
m combination with anti-CD3, was blocked by biologically active 
phosphorothioate oligomers (data not shown) . Direct crosslmking 
of CD28 molecules has been previously shown to promote only 
CD2B-dependent and not TCR-dependen t augmentation of T cell 
proliferation and cytokine production (June, C. H., Ledbetter, J. 
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^a.en cogecher, our data strongly 

:r!::! '-^^^^ - — =^ t.e ac^.ve oi.go.ers was spec . c ^ 
^he .DC= pathway of 7 cell activation. ' 

^ We next compared the effxcacy of the CD2 8 - specx f .c olxgo- 

n.c.eot.des, RT03S ,SEQ ID NO: htO.S .SEO 10 UO : .s' .n 

b.oc.ng ant.gen-spec.f.c primary .™ responses .n ..t.o In 

-.-e 1., .est.ng B, and activated ,E, r, levels of 00^8 are 

oicated for tetanus toxoid-speci f xc T cell assay , top panel, 

-■d 3„ ana .ixed ly:nphocyte reaction (bottom panel, E and F, 

-he percentage of CD4-, CD28-hi T cells is shown m the right- 
han. ^ 3^ , ^ ^^^^^^^^ ^^^^^^^^ ^ 

.he po.ential of two additions ,0 and 96h, of 1 uM Q) 2uM 

5 .aN ,0, and 10 uM (Q) phosphorothioate oligonucleotides 
trorn Table I to reduce the percentage of CD28-hi expressing T 

" activated T cell proliferation (D, H, m each 

ssay^ Activation of T cells was induced m response to tetanus 
^-..d ,top panel, or following stimulation of resoonder T cells 

oy ,r.itorr,ycin-C treated sti:nulator PBMCs ,Y, (bottom panel, 
■hese data are representative of three separate experiments 

Figure 14, using both tetanus toxoid-speci f ic T cell 
assay .Figure l.B, and primary mixed lymphocyte reaction .Figure 
--^r,, we observed the appearance of a subpopulation of 
activaticn-induced CD28-hi expressing T cells after the 6 day 
assay period. Addition of RT03S ,SEQ ID NO: .4, and RT04S ,SEQ 

■ *° ^' resulted in a dose-related diminution of 

■^o28-hi expression [Fias 14r - ^ri .^.r^ 

irigs. i^c, ^4G) and a corresponding decrease 

in .etanus toxoid-speci f ic (Fig^.re IAD) and responder ceil 
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an tiigen-speci f ic (Figure 1 4 H ) T ceil proliferation. No similar 
effect was observed with RTOIS (SEQ ID NO: '^2) cr the control 
oligomers, RTCOIS (SEQ ID NO: 46), RTC02S (SEQ 10 NO: 4 7:. or 
RTCC6S {SEQ ID NO: 48) . 

In vztro oligonucleotide 3tabJ.l:i-ty extends the bioloQical 
activity of phoflPhorothioata ol laonucleotidea . 

It is known that modification of oligomers with phosphoro- 
thioate m ternucleotide linkages can impart nuclease resistance 
and thus extend the m vitro bioactivity from 1 - 2h to 24h 

(Stem, C. A., Cheng, Y. C. (1993) ^ai&na& 261 . 1004-1012.). 
Table 4 shows the temporal effect of phosphorothioa tes , RT03S 

(SEQ ID NO: 44) and RTC06S (SEQ ID NO: 48) on surface CD28 
expression m the continued presence 'D or following removal of 
oligonucleotide from the extracellular milieu on day 2 (D). 
Monitoring was performed by immuno f luorocytomet r y , Results are 
expressed as the difference in surface antigen expression of 
activated T cells (MCFa) and oi igonucleo tide- treated activated 
cells (MCFv; . CD28 expression in resting T cells on day 2 to 4 
was m the range 119 - 121. "ND" represents no distinguishable 
di f f e r ence . 
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Table ^. .e.Tiporal aczivii 



y cf phcspnorcth^cdties follow: 
ntin^^ous cr s concxnuous cx igonucieotide treat.^enr 



Day 



3 
3 
A 
4 



f f erent^al CD2S 
RT03S fSEQ ID 
NO: 44} 



expression iMCF., - mcf ) 

RTC06S (SEQ ID 
NO ; 4 7 1 



MCF, 


0 


5 


10 


0 


5 


144.8 


13.4 


8 . 9 


9. 3 


1 . 9 


1 . 7 


1-3 5.6 


21.9 


15.9 


5 . 1 


ND 


ND 


136.3 


18.3 


11.8 


7 . 1 


1 . 7 


3 . 8 


128 . 9 


18.2 


9 . 7 


6. 1 


ND 


ND 


130 , 1 


2 . 3 




ND 


ND 


ND 



10 



ND 
3 . 2 
1 

ND 

ND 



A Shown Table the duration of effect of HT03S ,SEQ ID 

NO: exceeded 2.h and persisted through day 2, 3 and 4 

relative to o-gomer dose. However, upon removal of RT03S ,SEC 
ID NO: 44,, from the extracellular mil.eu on day 2, the 
^nhib.tory activity remained for 24h and was then completely 
abolished wit.hm thp niavr oau x-r i- 

^ "^''^ N° oligomer activity was observed 

-^c. a representative control oligo, RTC06S (SEQ ID NO- 48. 
throughout the same time course. A similar phenomenon was 
coserved with ol i go-medi a ted inhibition of activated T cell 
.oroliferation (data not shown, . increased bioavailability 
provided by phosphorothioate modification alone cannot account 
for the remarkably prolonged bioactivity of RT03S (SEQ ID NO ■ 
^^). Therefore, we demonstrated that the extended duration of 
effect was associated with additional m vitro stability provided 
by the secondary structure of RT03S (SEQ ID NO: 44). 

figure 15 summarizes test results on the in vitro stability 
Of "P-labeled phosphorothioa tes . RT03S (SEQ ID NO: 44, and RTC06S 
<SEQ ID NO: 4S> .n extracellular supernatants (top panel, and 



l__9e243eOA1JU» 



wo 96/24380 




PCT/US96/01507 



J'jrkat ceil iysates (bottom panel)- ■■.A) Time-aependen t 
degradatxon (0 - 96 h) of each oligonucleotide {2000 cpm) was 
assessed by electrophoresis on a 20"^ poi yac r y 1 ami de denaturing 
gel followed by visualization using a Phospho r Imager . The 
percentage of intact full length ^^P- RT03S (3EQ ID NO: 44) lo) 
and ■-?- RTCC6S (SEQ ID NO: 48) {•» remaining at each time point, 
relative to t = 0, was determined in eiuates from 10000 cpm or 
extracellular supernatants and cell Iysates applied througn 
Nickspm columns (Pharmacia). Molecular weight standards Std), 
"P-dKTP ;N) and free '^P- or thophospha t e (P) were simultaneously 
anal y zed . 

In Figure 15A, the electropherograms clearly show that, for 
both extracellular supernatants (S) and cell Iysates (L), 
considerably more intact "P-labeled RT03S (SEQ ID NO: 44) than 
RTC06S (SEQ ID NO: 48) remained following a 96h incubation with 
Jurkat cells. Consistent with this observation are the Nickspm 
column data (Figure 15B). Here, the percentage of intact 
oligomer recovered from RT03S (SEQ ID NO: 44) after 96h was 54% 
(S) and 59% ;L) and from RTC06S (SEQ ID NO: 48) was 10^. ;5: and 
3^1 ;Li. In addition, secondary structure alone is not 
sufficient to account for the increased nuclease resistance and 
duration of bioactivity of RT03S (SEQ ID NO: 44) as its 
pnosphoaiester counterpart, RT03D had little bioactivity Table 
5) ana from in vitro stability studies, only had a half-life of 
2 4h (data not shown) . 

Table 5. Identification of oligonucleotide sequence responsible 
for inhibition of CD29 expression and CD2e-dependent IL-2 
D roduc ti on 
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Relative ir.hibi-icn 



Uigo 

RT03S (D) 
= T11S 
RT04S 

RT05S 
RT09S 
RTICS 

RT25S 
RT23S 
RT18S 
RT19S 
RTC07S 

RTC3 8S 
Rr2 IS 



RTISS 
RT06S 
RTC06S 



Sequence 

TTG GAG ggg (i^TG GT G "g^ 
SS5__5AG GA G GGG CTG GAA 
GGG TTG GAG GGG g TG qtq 

TTG GAG GGG GAr: GA G GGG 
TTG GAG GGG GAP, GTQ_QQQ 
TTG GAG GCG G TG GT G GCG 

TTG GAG CCG GTG GT G GCC? 

TTG GAG GGG C^r CT C GGG 

TTG GAG CCG G TG GT G 

GGG GTG GT G GGG 

^ CGG TT G GGG 

TQ gtj^v 

CAC TGC GGG GAP, GGC TQQ 
Q TGC ACA AAC T^ 



AT 



AAC GTT GA G GGG CAT 
TTC CAG CCC CTC CTC CCC 
AAC CTC CCC CAC CAC CCC 



:D28 



26 
29 
4 



express ion 
TL-2 



52 
22 
2 



SEQ ID 
NO: 



1 U U (J ! 


100 {4 4 ) 


44 


10 0 


100 


50 


1 J 


100 


4 5 


136 


100 




126 


100 


52 


31 


38 


53 


40 


57 


54 


44 


25 


55 


38 


57 


56 


103 


120 


57 


30 


89 


56 


-> 
i~ 


2 


59 


2 


2 


60 


58 


76 


61 


51 


63 


62 



63 
64 
48 



■n preparing the data for Table 5, the xn vxtro activity of 
Phcsphorothxoate oligonucleotides was determined by their ability 
to inhibit CD:8 expression m ant i -CD3 / PMA-ac t i vated peripheral 
nu.,an T cells and their effect on activated IL-2 production in 
---xat T cells. Results are expressed relative to the 
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zt 5 RT03S (SEQ ID MO: 44) ilOO;: whose raage of inhibition in 

^ experi.T.ents was 52 - '7 9 % of CD28 expression and ^6 - 39 % of 
:L-2 prod'^ction. The values for the phosphodi es te r form of RT03D 
'SEQ ID NO: 49) are m parentheses. 

Tdentiifi r ^atiiQn of minimal j^ecjuenee which COnfera b a ,OlQqiGa l 

Active phosphorothioate, RT03S (SEQ ID NO: 44), is an 19 mer 
-riginally designed to hybridize to the 5' untranslated region of 
the hu.n^an CD29 gene, and has a sequence containing two sets of 
contiguous four G's. To identify the sequence- related factors 
critical for inhibition of acti vation-mduced CD23 expression in 
nuT.an T cells and CD2 9 -dependen t IL-2 production m Jurkat T 
cells, bases were selectively added, deleted or substituted from 
RTC3S iSEQ ID NO: 44) and activity assessed relative to the 
parent oligomer (Table 5). Addition of three G's at the 5' end 
(RT04S] or one or more changes of T to A in the region between 
both four G sequences (RT05S (SEQ ID NO: 51), RT09S (SEQ ID NO: 
52'. : did not reduce the inhibitory effect relative to RT03S (SEQ 
ID NC: 44). Interestingly, the sense sequence ( RT 1 1 3 {SEQ ID NO: 
50:' a. so showed no change in activity relative to RT03S (SEQ ID 
NO: 44' . However, m contrast, deletion or replacement of one or 
more G's by cytosme (C) within both sets of four G's (RTIOS (SEQ 
ID NO: 53), RT24S (SEQ ID NO: 54), RT25S (SEQ ID NO: 55), RT23S 
(SEQ ID NO: 56) (SEQ ID NO: 56)) resulted in a marked loss of 
activity relative to RT03S (SEQ ID NO: 44). Deletion of the six 
residues 5' of the first four G's in RT03S (SEQ ID NO: 44) had no 
effect on the inhibitory activity of the oligonucleotide (RT18S 
(SEQ ID NO: 57)). In contrast, reducing (RT19S (SEQ ID NO: 58)) 
or increasing (RT20S (SEQ ID NO: 61), RT21S (SEQ ID NO: 62)) the 
number of residues between both four G sequences dramatically 
reauced the inhibitory activity relative to RT03S (SEQ ID NO: 
44). TGGGG, GGGG or sequences containing 4 consecutive G's such 
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- BT15S ,SEO I. NO: 63 ha. .o ...n....c.v a 

re.ac.ve co Rr03S .SEQ :o .0: These data de.cns -.rli;. ' c^,, 

-e o.c ogxcai ac.xvxcy of RT03S (SEQ id KO: .3 aeoenden/"on 

a spec.r.c sequence .oc.. co.p.xseci of . sets of . ccn....ou 
separated by 3 - 5 residues. ^ 
^ :n ..ew Of the toi erogenxcx t y ..parted by d.sruct.na CV^S 

Madler, L. M. ,1993, ^^i:;^^^^. 178, 1753--63 , ^t was 
.n,portant to examine whether oi xgo-.edia ted inhibition of CD^8 
expression could provide a .ore effective strategy for inducing . 
cell anergy and alloantigen-.peci f ic tolerance m v^^.^ „e 
showea that the phosphorothioate oligomers, RT03S ;SEQ • 
and RTO.S, inhibited anti -CD3/PMA-induced CD29 expression in' 
hu.an CD.- r cells by reducing both .RNA and mature protein 
levels relative to oligomer dose. Furthermore, in orde^ to 
demonstrate target specificity, we examined ol igo-medi a ted 

ects on IL-2 receptor and ICAM-1 expression: two accessory 
-lec.les .nown to be regulated independently of the CD28 pathway 
Oam.e, N. K., er al., ,1992) J. Tminiinnl^ 148, 1985- 99- June ' 

Mul_££il_ai^ 7, 4472-. .81.. Stem c A ' 
^1., Y.-C. ,1993, ^^^^ ^SZ ^ 1004-1012; Boussiotls, V A ' 
.1993, p;,p M., 1,3, 1753-1763,. Correspondingly, 



both a( 



^ w ^ 4. ^ o w u u i n g ± y 

activated message and protein levels of CD25 and surface 
expression of CD54 were resistant to oligomer action. 

Costimulation via the CD28 pathway directly induces 
expression of i:r.nunomodulatory cytokines such as IL-2, IFNy and 
:.-S in activated T cells (Praser, J. 0., 

"1, .13-316 Jen.ms, M. K., er ai., ,1991, ,^7, 
-46.-2466; Seder, R. A., et al., (1994, J. Rxn . m.h 179, 
:99-304; Wechsler, A. S., et al.. ,1994, J. t^^„.^, ,53^ 
-515-2523!. For Colerogenici ty to be successful, active 
CC29-specific oligomers must abrogate this function. 



BWaOOCtD: <WO_M243eQMJU. 



PCTaiS96/0I507 

WO 96/24380 

- 4 ? - 



Adminiscirac-on of active ciigomers resulted m conccira lanc 
r^odulacion of activation-induced IL-2, IFNy and IL-B proauction. 
To underscore -ne exquisite specificity of the active oligomers 
to inhibit CD23-dependent functions, showed that they were 

unable to prevent activation- induced IL-2 production .n a 
CD23-dericient cell line, HUT 78. Furthermore, maximal oligo-- 
mediated inhibition of IL-S production in activated T cells never 
exceeded 50-5 suggesting that an alternative regulatory pathway 
driving CD2 8 - independent IL-e production was preserved. Oligomer 
activity was not re'stricted to polyclonally activated T cells, as 
inhibition of act iva tion- induced CD23 levels resulted m 
aramatically reduced T cell proliferation in both MLR and m 
tetanus-toxoic-specific T cell assays. Thus, our active 
oligomers mediated ailoant igen- speci f ic tolerance in vitro, and 
provide a promising alternative to the ligand capture strategy 
for inducing T cell hyporesponsiveness such as seen wit.n CTLA 4 
ig, a nigh affinity B7 binder (Tan, P., Anasetti, C Hansen, J. 
A., Melrose, J., Brunvand, M. , Bradshaw, J., Ledbetter, J. A., 
Lmsley, P.S. ;i993) - r.xn. Mf»d. 177, 165-173.). 

m determining the duration of effect of the active 
pnarmacophore, we observed that RT03S (SEQ ID NO: ^4- showed 
surprisingly persistent inhibition of both activated CD28 
expression and CD2 8 -dependent T cell proliferation, even 95h 
following oligomer treatment. Bioactivity was not related to 
toxicity as upon removal of oligomer complete reversal of 
i-'hibitory activity occurred withm 24h. Moreover, upon 
comparison of the phosphorothioates , RT03S (SEQ ID NO: 44) and 
RTC06S (SEQ ID NO: 48), our in vitro stability studies showed 
that secondary structure, mediated by the G-rich sequence in 
RT03S (SEQ ID NO: 44), increased two- to fourfold the nuclease 
resistance tv^ically associated with phosphorothioates (Stein, C 
A., Cheng, Y. C. (1993) S^^en« 261, 1004-1012.). The extended 
naif life (9€h) of ^'P-RTOSS (SEQ ID NO: 44) correlated with its 
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- b.oact.vxcy. In add.txon. RT03D, the ph03ohod.es . e ^ 
-oun.e.par. o. KT03S ,SEO 10 MO: e.h....ed both reduced 

'.-.tr. s-.abxl.ty and bxoact.vxty, an observanxon whxc^ ,s 
cons wx.h p.evxo.s .epo.ts <MaI.ese, sha.:a, H W 

-ssxxev, Narayanan, R. ,1995, Mucl^^,^^,:^,^,,^ 23 

11^6-1151,. Therefore, stabxlity xmparted by secondary Structure 
-s not solely responsxble for the xncreased bxoactxvxty R^.3S 
^SHO no: .... .HU3 the nuclease stabllxty .ranted by ^o ^ 
Phospnorothxoate ^odxfxcatxon and secondary structure .ay account 
.he prolonged xnhxbxtory actxvxty of RT03S (SEQ ID NO- 4., 
Sxngle case paxr substxtutxon xn hybrxdx za t xon-deoendent , ' 
antxsense and antxgene models can vxrtually abolxsh act^v^^- 

'llT^' lev, L., Narayanan, R.' 

1995; WiJCiexc ^Cids Res. 23, 1146-li5l , 

P^,p 1-51.). In contrast, actxvxty 

C0.8-specxfxc olxgomers was only dramatxcallv reduced x^ 
sequentxal substxtutxon occurred wxthxn both sets of fou^ G' s 
...Plyxng defxned structural re.uxre.ent for olxgo.er functxon. 
-n addxtxon, followxng catxcnxc s tabil x za txon ,100 KCl and 

■ ac.: Of the secondary structure present xn RT03S (SEQ ID MO- 

.he oligomer .eltxng curve showed a transxtxon profxle .data 
not snown, whxch xs suggestxve of G-.uartet for.atxon .Hardxn C 

Baxley, C. ,1992, ^^.^s.^^,,^^ , 
•^^-^A.^. Taken together, our data provide evidence that -h-s 
Class of CD28-specifxc olxgomers act vxa a hybr i dx .a t xon- 
independent mechanxsm and that secondary structure of the 
sequence, possxbly through G-guartet formation, delx.xts olxgomer 
-c.xvxty. Similarly, Bennett, c. P., Chiang, M. y., Wxlson- 
Lxngardo, L . , Wyatt, J. R. ,199,, Nq.,.,. 

3^02-3209, demonstrated that activity of their phosphcro thi oa te 
o.xgomers was based on possible G-quartet formation xn sequences 
contaxnxng two sets of three or more consecutxve G and 'hxs 
suggested that olxgo-medxated regulation of human phosphol i.ase 
was through specific nucleic acid-protexn interaction. 
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Specific protein recognition by a range ot G-quartet 
structures have been demonstrated m telomeres, centromeres 
(Blackburn, E. H. (1990) ,T P]o] . --;hftm ■ 265, 5919-592 1}, 
immunoglobulin switch regions (Shiruizu, A., Hon:]o, T. (1984) -Z^ll 
36, SOi-803) and a class of regulatory oligomers called aptamers 
(Bock. 1. C Griffm. L. C Latham, J. A., Vermaas, E. H., 
Tcole, J. J- (1992) Nature 355, 564-566; Huizenga, D. E., 
Szostak, J. W. (1995) Ri nrhPmistrv 34, 656-665; Bergan, R., 
Connell, Fahmy, 3., Kyle, E., Neckers, L. (19941 Muc i e i ^ 

Ar-ids Res. 22, 2150-2154). In our studies, oligomers capable of 
forming an intermolecuiar four stranded G-quartet structure from 
a set of four contiguous G's, such as those in telomeres [Smith, 
F. W., Eeigon, J. (1992) Nature 356, 164-167), weakly inhibited 
CD29 expression. An example of this was RT15S (SEQ ID NO: 63, 
whose G-rich sequence was previously shown by others to inhibit 
c-myc expression (sequence 14 in Burgess, T. L., Fisher, E. F.. 
Ross, S.\.. Bready, J. V., Qian, Y.-X., Bayewitch, L. A., Cohen, 
A. M., Herrera, C. Hu, 3. S.-F., Kramer, T. B., Lott, F. D., 

Martin, F. H., Pierce, G. F., Simonet, L., Farrell, C. L. (1995) 
P^^r. Natl fir-p^H c;^, . USA 92, 4051-4055). Another G-rich 
structure, the intramolecular G-quartet, has been shown to 
meaiate aptameric inhibition of thrombin {Wang, K. Y., McCurdy, 
5., Shea, R. G., Swammanthan , S., Bolton, P. H. (1993) 
R^or-hP^.srrv 32, 1989-1904; Macaya, R- F., Schultze, P.. Smith, 
F. W., Roe, J. A., Feigon, J. (1993) Pfnr Natl . ^^^^ . USA 

90, 3745-3749). Sequential analysis of RT03S (SEQ ID NO: 44) 
orecicts that paired G's of residues 3 - 4 , 7 - 8 , 1 2 - 1 3 and 16 
- 17 can potentially form such a G-quartet structure. However, 
removal of residues 1 - 6 (RTIBS (SEQ ID NO: 57)), which 
disrupted the intramolecular quartet, was ineffective in blocking 
the inhibition of CD28 expression and CD2 8 -dependent :l-2 
production. These data suggest that the activity of RT03S (SEQ 
:D NO: 44) arises from an alternate G-quartet structure. 
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HT03S :SEC no: ..,eed nas a s...,3. :: .er sequence 



to a :noZLf predicted by others ;Smxth, r. w., 
3 : -.-e:;i^-rry 32, 5 682-S 692) to be essential icr cimeri 



reigon, J. 11993; 

3- quar te t 



ror..a.xcn. Cxmer.c G-quartets can ar.se f.om -.wo s.rands of DNA 
a---err.ate.y parallel and ar.t.parallei. Here, ad.ace.r strands 
contr.Pute four G's to forrr. four stacked G-quartets. A moti^ on 
each strand, consisting of twelve residues with four bases 
separating two sets of contiguous four G's, was associated with 
ror.,ation and stability. We have shown that the core i; mer 

sequence (RTISS (SEQ ID -^o- 5 ^ ) 1 h^^ cSm^i 

.--w .Mu. has similar activity to .HT03S 

■SEQ :d NC: 44). Also G to C substitutions (RTIOS (SEQ NO • 

RT23S fSEQ ID .^^C: 56;, RT24S (SEQ ID NO: 54,, RT25S (SEQ ID 
::: : withm both the four G regions resulted m a 56 - 69^ 
loss cf inhibitory activity relative to RT03S (SEQ ID NO: 44) 
Simi.arly, insert.cn (RT20S (SEQ ID NO: 61), rt:is (SEQ lO^NO- 
62); or deletion (.RT19S (SEQ ID NO: 58), of bases separating the 
sets of G's reduced the relative bioactivity by 52 - 70^. Taken 
together, these data suggest that a specific sequence motif' 
Which has the capability to form a dimeric G-quartet, is critical 
for pnosphorothioate oligo-mediated inhibition of functional CD28 
expression. 

The mechanis.-n by which this type of dimeric G-quartet exerts 
iiological effect is unknown. However, several lines of 
evidence substantiate the hypothesis that this motif enables our 
active oligomers to function as decoys, presumablv by 
competitively hindering the interaction of a dimenc G-quartet 
promoter sequence with a specific transcription factor. 1, An 
oligomer corresponding to an upstream region of the CD28 gene 
:RT1:3 (SEQ ID NO: 50,) exhibited equivalent biological activity 
to RT03S (SEQ ID NC: 44). 2) Our active oligomers function via a 
non-antisense .T.echanism. 3) These oligomers modulated CD28 mKNA 
expression; hence their bioactivity was not related to direct 
target protein interaction. 4! G-rich promoter regions are 



ICS 
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p.evaler.. (Eva.s. T., Schcn, C.azyna, G. M., Patterson. 

.^stratiadxs, A. (1984. ii^,,!^^^^.^.^^^-^^ ' 3043-805; 

M. W., Torrx, A.. Kang, 0. S., .ngle.. J- A.. Weils, 
r D (1986) - -h^m. 261, 11350-11354; Clark, 3. P., 

-ewxs - ^ , Felsenfeld, G., (1990) Hi r^^-^ f^^i 'l ^ ^^S . 18, 
I.^S-S^-'e ), xncreas.ng the possxbxlxty that G-quartet- forming 
o'^omoter sequences are a general regulatory phenomena. S, Double 

,-,n ;,rr as decoys for the transcription 
stranded oligomers can act as aecoy .11, son 

.a^^or (Morishita, R., Gibbons, G. H., Horuchi, M., -Uison, 

: " '.a.a.ima, M., Zhang, L., Kaneda, Y., Ogxhara, T., D.au, 
V :,995^ Mn- Vl-^ ■ -'^^ SS55-5859). 6, CS-ricn 

oligomers have been shown to mediate the induction of Spl 

f iPere' J R-- Li. Y., Stein, C. A., 

"-anscr iption factor lfere_, j. r , 

M"a:u.der, S., van Oorschot. A., Narayanan, R. (1994, Z::..^^ 
c^, -JSA 91. 5957-5961). 

All patents, patents applications, and publications cited 
are incorporated herein by reference. 

^he -oreaomg written specification is considered to oe 
3...xcient to'enable one skilled m the art to practice the 

;ention. Indeed, various modifications of ^ove" "cr d 

.a.es for carrying out the invention which are / /^^J^ 

s.xlled in the field of organic chemxstry or related ..elds 
xntended to be wxthxn the scope of the following claxms. 
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CLAIMS 

Whac IS claimed is: 



expression m a T cell. 



An oligomer capable cr reducing CD2S gene 



^ °^^5omer according to Claim 1. wherein sa- 
ol..o.er 13 capable o. hybridising .o a C02B gene cranscn;:. 

oli.o^er Jbrid^rr::: ~ 

. riai.es to the initiation codon of CD28 . 

^. An oligomer according to Claim 1, wher^^^ sa-d 
oligomer is capable of hybridizing to a CD28 gene. " ^ 

5. An oligomer according to claim 4 wherein said 
oUgomer hybridizes to a transcript the initiation codon of C02. 

5. An oligomer according to claim 1 wherein the 
o ..omer cc.prises at least 11 nucleic acid bases and no more 
-han 50 nucieic acid bases. 

f- An oligomer according co Claim 1 wherein sa-d 
oligomer is a DNA or RNA molecule. 

oligomer according to Cia.m 1 having less than 
IT.' '"^ -eluding the sequence 5 ■ TTCTCCT.ACGATGGGCTA3 • . SEQ 

°^^g°">er according to Claim 1 having less than 
bases and including the sequence 5 • AGCAGCCTGAGCATCTTTGT3 • 
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:2 cases 

:d ^:o : 3 ; . 



9. An oligomer according co Cia.ru 1 r.aviag less -.nan 
and including Che sequence 5 ' TTGGAGGGGGTGGTGGGG3 ^ ( SEQ 



10. An oligomer according to Claim 1 having less than 
22 bases and including the sequence 5 ' GGGTTGGAGGGGGTGGTGG- 

GG3 ' , (SEQ ID N0:4> . 

11. ,An oligonucleotiae according to claim 1 having a 

.-^^.-o H^r-lcbone with 11 to 50 bases comprising at least 
pnospnoro tnioate DacKDone wx uii xx 

two sequences of GGGG separated by 3 to 5 bases. 

12. A menhcd for treating a disease which is at least 
^a'-iailv mediated by CD28, said method comprising the step of: 

administering to a patient an effective amount of an 
oligomer according to Claim 1. 

13. .A method for treating a disease which is at least 
oa-'^ally mediated by CD28, said method comprising the step of: 

administering to a patient an effective amount of an 
oligomer of an oligomer having 11 to 50 bases comprising at 
least two sequences of GGGG separated by 3 to 5 bases. 

14 -he method of Claim 13 wherein the oligomer 
comprises the sequence 5 ■ TTGGAGGGGGTGGTGGGG3 • , ( SEQ ID NO : 3 ) . 

15 The method of Claim 13 wherein the oligomer 
comprises the sequence 5 • GGGTTGGAGGGGGTGGTGGGG3 ' , ( SEQ ID N0:4,. 

16 A method according to Claims 12-15 wherein said 
administration step further comprises the following steps: 

removing CD2 8 - expr es s ing cells from a patient; 
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incroaucing said oligomer into said ceils wnereby 
cligomer-transformed cells are producea. and returning 
said oligomer-transf ormea cells into the patient. 

17. A method according to Claims 12-15 wherein said 
administration step further comprises the following steps: 
removing CD2 9 - expre s s i n g cells from a donor; 

introducing said oligomer into said cells whereby 
oligomer-transformed cells are produced, and 
introducing said oligomer-transformed cells into the 
pa t lent . 

16. A method according to Claims 12-15, wnerem said 
oligomer .s produced by transcription of an expression vector. 

17. A recombinant expression vector, said vector 
comprising, m operable combination, a promoter, and a 
polynucleotide sequence encoding an oligomer capable of 
inhibiting the inducible expression of CD28 in a T cei; 



1"^. A pharmaceutical formulation comprising an 
oligomer according to Claim 1. 

IS. The pharmaceutical of Claim 17 wherein the 
oligomer is 11 to 50 bases m length and comprises at least two 
sequences of GGGG separated by 3 to 5 bases. 

19. The pharmaceutical of Claim 17 wherein the 
oligomer is IS to 5C bases in length and comprises the sequence 
5 * TTCGAGGGGGTGGTGGGG3 ' , (SEQ ID NO : 3 ) 
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20. The pharmaceucicai of Claim I wnere.r. the 
oligomer is 18 to 50 bases m length and comprises zr.e sequence 
5 ' GGGTTGGAGGGGGTGGTGGGG3 ' , iSEQ ID NO : 4 } . 

21. A pharmaceutical formulation comprising at least 
two different oligomers according to claims 17-20. 

22. A pharmaceutical formulation according to Claims 
17-2 1, wherein said formulation is adapted for parenteral 
administration . 
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Figure lA 

occnrrciT rrrpcTCTcr coocrircrr cctvczttcc rrCTiriCTr 
ncrrvKTrv ricmcrcr li ' I ' ilthlt GTciriCTrr tto^ttctc 

1TOCCCT3GC TOyVTraiA:; TGOZATGATC Ta30CTCATA 

ccTrocixx3crr iCAAGCt^rr CTOTtrcir ^ccccrorcr attmctoga 

TTACAOTrAC Ca^TCAT GOCTO3CTAA TmTICTAT TITCAATOGA 
GAarDGTIT CACCATTTITC CXCTOTCTOS TCTTGACCTC CTOGCCTZAA 
AlUATCCACC CACTITOXr TtXCAAATIU CT3GCATT?C AOXOraGC 

CACTOiAcx oaccTCTin: TnnrAAaAA CAcnrorCT ccoTrmAT 
CTCiacKx^ rrrcAMCAc caTrrrrPCA caaticitca tatccaicaa 

TAAWiVATAA rratATAA3 CCCA'It::A'ICr ACT3;iCCGAC TATTTTITZPG 
'TGf^CPJ^J^APA AAACTCTTTA AAAAmSW^G TAAA/^GTCTA A^CTCATCAA 
AA3=\ACTTA 'm'irCTCTCT GAAATT3CTOC AGKM^TTS CCTnTItmT 
^iraCTSCCTT GATCAITTITr CCI?^A3aa5A TOCT33CQCT OC7ia7IT3aCC 
C7K3GA1G?y33 G 
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Figure IB 

^^^Acrun:^ csccitoozpc ctscgicttt a^anccocr cacactiotg 

Ui-iuvia33G GPOGA03C3GC TOGAACCCTA OCCCATtlTTU AGGACAAA3A 

M 

TCCTOOGCT OCTCTTOGCT CltZAACITAT TCCCITCAAT 1CAAOTw:a 
etl^uArgLe uLeuLeuAla LeuAsnLeuP heProSerll eGlnVallhr 
Q^AA^CAAGA rriTOCT^AA GC^CTOTCOC ATOCITCITC CXTTACGPCAA 
GlyAsnLysI leLeuValLy sGlnSerPro MetLeuValA laTyrAspAs 
TOaaGTCAPC CTI70CT3CA ACT?.TTCCrA CAATUICTIC TtilAAaOSiCT 
nAlaValAsn LeuSerCysL ysTyrSei^ry rAsnLeuPhe SerAi^luP 
TOOTGCAIT CCITCACAAA GGSCTOGATA CTC3CTOIt3GA AGKTIUTtTTT 
heArgAlaSe rLeuHisLys GlyLeuAspS erAlaValGl uValCysVal 
CTATATO3GA AITACTCCCA GCMCTTC^G GTITACTCAA AAACOGGLJIT 350 
ValiyrGlyA snTyrSerCl nGlnLeuGIn ValiyrSerL ysTlirGlyF^ 

GAACItTK^AT G3GAAATTOG GCAATCAATC AGTGPCATIC TACCICCAGA 400 
eAsnCysAsp GlyLysLeuG lyAsnGluSe rValThrPhe lyrLeuGlnA 

ATTTCTATCT TA;iCCAAACA GAIATTrACT imOZAAAAT TCAA7ITATG 450 
snLeuryrVa lAsrClirThr AsplleOyrP heCysLysIl eGluVal>Set 
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Figure IC 

TATTXTCCIC CTTACCrAGA CAATG?GAA3 A3CAAT3GAA CCATTAICCA 500 
TyrProProP roTyrLeuAs pAsnGluLys SerAsnGlyT hrllelleHi 

TTTTGAAAGOG AAACACCTIT GTUCA^iGTCC CCIATTITOC OGt^CCTVCTA 550 
sValLysGly LysHisLeuC ysProSerPr oLeuPhePro GlyProSerL 

AOOCCTrrrG OCTXGCTGGTC GTXXJTTOJVG G^^'I L VIU U C TTOCTATMC 600 
ysProPheTr pValLeuVal ValValGl>0 lyValLeuAl aCysTyrSer 

TT3CTAGTAA CPCTTOGCCrV TATTATTTHC TOXi'lCMGA OTPJ^^GPOG^G 650 
LeuLeuValT hrValAlciPh ellellePhe TrpValAngS erLysArgSe 

C^mrrCCTG CACAOTiaCT ACATGAACAT GACTCrCOSC CGCCCa3GQC 700 
rArgbeiiLeu HisSerAspTT yrtietAsnMe tTt^rProArg ArgPrcGlyP 

CCACCCGCAA GC:ATIACCA3 COCTATOXX: CAOCACGCGA Cr i L 1JCA3CC 750 
roHirArgLy sHisTyrGln ProTyrAlaP roProArgAs pPheAlaAla 

TAimi'iLCT GACACGGACG CCEAT0CA3A POOCPCCCOG CTOGCAGOCC 800 
TyrArgSer. . , 

CCAlCTOnC AATATCACTC C1CIU2ATA3 GAAAT3ACX:G OCAICTCCAG 850 

CmXTCACCr CACTCCCTCT TGQQDCACCA ATGCC^ATTT TICTCG?CT3 900 

ACTAGACCAA ATATCA^CAT CATTTTGAGA CTCTCAAATG A^CTAAAAGA 950 

GATrPCCTGT GACA03CCAA CTCTTACSCT GCXZATGQCXX ACATITCAAC 1000 

TTACCATCTA CrT^^GrTGACT TG^CTGAGAA GTTAOaCTSG AAAACAAAAA 1050 

GaG;iGnt3GAT TCTGCSG^^r TCTKrCITr CTCACTOiOC V3CPCATCTC 1100 

NJTCAPCCAA AJlt;:UjTAT CCPC?G?CAT TTEAdTOCA GM^Gf>Af^C33Z 1150 

TMGAAAICA TTCCTrrTOG TTAAATOGOr OrTEAAlCTT TiaTIT^GTG L200 

OCTITAAACQG aTTABCTTAG PGrPa3333A GGGAIMGAA GACATAriTA 1250 

AAAAOCATEA AAACOTGnC TOCCACTCAT GAAATGftGCC AaTTAGnTCC 1300 

TATTTAATa: TtTTnTOCTT T^TTTTPGAA ATACATAGAC ATTOICTriT 1350 

AT3AATTCTG ATCATATTTA GICAmTCA CTAAATCMS GAT l ' lUj 'l LA 1400 

AAT3?GC3GAT TCCCTCAAAG CAATAICMG TAAAOCAPCT ' iUL ' l ' i ' iLL ' lL ' 1450 

ACItXCT3TTr ATG^GAdTC AGTSTTAATG TTTACAATAT ACTITCGAAA 1500 

GAATAAAATA GTTC 1514 
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Figure 2 



Phosphorothioate 

(n = 5) 




3'Hydroxypropylamine/Phosphorothioate 
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Figure 3A 

GVOIO jcoii 




□ Media 
■ CD3/PMA 
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Figure 3B 
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Figure 9 
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Figure 13 
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Figure 9 
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Figure 10 



A ) HUT 78 




£2 


in 


CO 




CM 




o 


a 


o 




h- 






CC 





t/1 
a: 



ISOO 



1000 - 



500 - 



B ) Jurkat 




S2 


C/3 




CM 


o 


O 











J2 c/5 



BWaOOaD: <WO_Ma43eC*1JL> 



INTERNATIONAL SEARCH REPORT 



Intcmauonal application No 
PCT/US96;01507 



A. CLASSmCATION OF SUBJECT MATTER 

IPC(6) :A61K 48/00 
US CL :5 14/44; 536/24.5 
According to International Patent Cl.issificado n (IPC) or to both national ciassiflcation and IPC 

B. HELPS SEARCHED " ~ 

Mifiinium documcnution searched (classification system followed by classification svmbols) 
U.S. ; 514/44; 536/24.5 

Documciitauon searched other than minimunn documentation to the extent that such documents arr included in the fields searched 



Electronic dau baae consulted duruig the international search (name of data base and, where practicable, search terms used) 
APS, MEDLINE, BIOSIS, CAPLUS 



DOCUMENTS CONSIDERED TO Bt RELEVANT 



Category* 



CjUtion of document, with indication, where appropnatc. of the relevant passages 



The Journal of Immunologv, Volume 145, Number 1, issued 
01 July 1 990, LEE ET AL., "The Genomic Organization of the 
CD28 Gene: implications for the Regulation of CD28 mRNA 
Expression and Heterogeneity**, pages 344-352, see entire 
document. 

WO, A, 94/28123 (ONTARIO CANCER INSTITUTE) 08 
December 1994, see entire document. 

WO, A, 92/15671 (CYTOMED, INC.) 07 September 1992, 
see entire document. 



Relevant lo claim No. 



1-22 



1-22 



1-22 



□ 

Further documents are listed in the continuation of Box C | [ 



See patent family annex. 



•A- 

•o- 

.p. 



Sp«c«U cweconea of cited documents: -y 

docunKotdefininc the geoermJ Male of the »f1 wfhjch m not cotuidered 
to be of p»ri*cul*j- rclcvwoe 

earlier docuiDcxU pubbahed oo or alter tfac inumauoiiAj fOint date * 

docunKot which may throw doubu oo pnoniy claun^a) or whjch 
cited (o catablwh the pubLicabon dai£ of aootfaer crtxtioo or other 
' I (aa •pecifMd) 'Y* 



documeoi rcUmat ^ oni diacloaure. uae. exhtbitioo or other 



document pubiwhed pnor to the lateraatwoal niing date but later than 
the pnonty daU cbtrrted 



later documeai publMhed after the inumaiioaal niinf dale or prwrtty 
dale and ooi in conflict with the appltcauon but cited to uitdcratand the 
priDCiple or theory undcrlytnf the invenlioa 

documem of particular relevance, the cUuncd invenuon cannot be 
comalemi oovcl or caooot be cofMidcrrxl lo uivolve ao uavenuve aiep 
whea the docuRieni ta taken alone 

docineat of parucular relevance; the clainMd nveouoa can&ot be 
cooaidered lo involve tn inventive »iep when the docunoit ■ 
combined with one or more other aucfa documenti. luch cooibvuiikMi 
bemg obvioua to • pervon akitled in the an 

docwneat member of the aante patent famUy 



Date of the actual completion of the international search 



06 MAY 1996 



Date of maihng of the international search report 

14 MAY 1996 



Name and mailing address of the ISA/US 
Coounissioner of Paienu and Trademarks 
Box PCT 

Waahin^on. D C. 20231 
FacsimiJe No. (703) 305-3230 



Authorized officer 

ANDREW MILNE 

Telephone No. (703) 



1) 308-0196 \j 



Form PCT/TSA/210 (second shedXJuly 1992)* 



BfjaOOCtD: <WO_9e243eQA1J^ 



VERSION* 



^'ORLD tN'TELLECTTiAL PROPER-Pt' ORGA.MIZ.' 
Iniematjonal Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATS' (PCT) 



(51) International Patent Classification ^ ; 
A61K 48/00 



Al 



(11 > International Publication Number: WO 96/24380 

(43) International Publication Date: 15 August 1996 (L'5.08 96) 



(21) International Application Number: 

(22) International Filing Date: 5 Fcbruan 1996 (05,02.96 



(30) Priority Data: 

08/387,041 
not furnished 



PCT US96 01507 | (81) Designated States: AM. AU. BB. EG, BR, BY. CA. CN. CZ. 

I EE. Fl GE, HU. JP. K£. KG. KP. KR. K2, LK. LR, LT 

LU. LV. MD, MG. MN, MW, MX. NO. NZ, PL. RO, RL, 
SD. SI, SK. TJ. TT. L'A, UZ. VTM. European patent (AT 
BE, CH. DE, DK, ES, FR. GB, GR. IE, IT, LU. MC. NL. 
PT. SE). 



9 February 1995 (09.02.95) US 
17 September 1995 (17.09.95) US 



(71) Applicant: ICN PHARMACEUTICALS, INC [US US]; 3300 

Hyland Avenue. Costa Mesa, CA 92626 (US), 

(72) Inventor: TAM. Robcn. C, 1 1 12-D Buckingham Drive. Costa 

Mesa. CA 92626 (US). 

(74) Agent: COSIC, Bojan. R.; ICN Pharmaccuiicals. Inc.. 3300 
Hyland Avenue. Costa Mesa, CA 92626 (L'S). 



Published 

Wuh international search report 



(54) Tide: METHODS AND COMPOSITIONS FOR REGULATION OF CD28 EXPRESSION 
(57) Abstract 

Oligomers are provided which arc capable of reducing CD28 gene m a T cell. In addition to specific sequences, the invention includes 
a class of oligomers having at least two sequences of GGGG separated by 3 to 5 bases. Targets include CD28 gene, 5' untranslated regions 
and initiation codon. and their respective transcnpts. Methods include use of the oligomers to moderate the pathogenic effects on the 
immune system in immune system -mediated diseases including graft versus host disease, septic shock syndrome, viral diseases, psoriasis. 
Type I (insulin-dcpendcnt) diabetes mcllitus, thyroiditis, sarcoidosis, multiple sclerosis, autoimmune uveitis, rheumatoid arthruis. svstemic 
lupus erythematosus and inflammatory bowel disease. 



• (Rrferred lo in PCT Guetu No *'fn99b. Sccuon tl) 
BNfiOOCfD: <WO 902*3801 JA> 



Codes used to identify 
applications under the PCT. 



FOR THE PURPOSES OF INFORMATION ONLY 

States party to the PCT on the from pages of pamphlets publishing international 





ArmcTiia 


AT 


Austria 


At 


Austniia 


BB 


But) ados 


BE 


Belgmm 


BF 


Burlina Faso 


BG 


Bulgona 


BJ 


B<nin 


BR 




BY 


Belarus 


CA 


Canada 


CF 


Ctntra) Afncan Rtpubl 


CC 


Congo 


CH 


SwitMrland 


CI 




CM 


Cameroon 


C> 


China 


CS 


Ciechosk.v»Jtia 


CZ 


Cixtrh Republic 


DE 


GrTTTiajiy 


Dk 


Dcnmaxt 


EE 


fciiooia 


ES 


Spain 


Fl 


Finland 


FR 


prancf 


GA 


Gabon 



GB 


Unned Kingdom 


GE 




GN 


Guinea 


GR 


Grrfcc 


Ht 


Hungarv 


IE 


Ireland 


IT 


liaJy 


JP 


Japan 


KE 


Kenya 


KG 


K>Tgystaii 


KP 


DcmocraiK- People s Rcpubl 




of Korea 


KR 


RepublK- of Korea 


fcZ 


Kazakhstan 


LI 


Licchtenstetr 


LK 


Sn Lanka 


LR 


Libena 


LT 


Lithuania 


LL 


Luientbourg 


LV 


L,aivia 


MC 


Monaco 


MD 


Republic ol MokJo^a 


MG 


Madagascaj 


ML 


Ma). 


MN 


Mongolia 


MR 


Mauritania 



MW 


Malau.1 


MX 


Me I ICO 


NE 


Niger 


NL 


Neiherlandi 


NO 


Norway 


NZ 


Ne*- Zealand 


PL 


Poland 


FT 


Ponugal 


RO 


Romania 


RL 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Suua^iland 


TD 


Chad 


TG 


Togo 


TJ 


1 aiikistar 


TT 


Tnntdad and Tobapc 


I A 


I kraine 


IG 


I (landa 


IS 


I ntied Siaifs of Amerifi 


I Z 


IzhekiMan 


VN 


\ ici ^am 



BN6DOCID: <WO_9e243eW1JA> 



wo 96/24380 



PCT/T,'S96/01507 



METHODS M m COMPO SITIONS FOR REGULATION OF CD2 6 EXPRESSION 



I. FIELD OF THE INVENTION 



The invention is m the field cf modulating gene expression 
through the use of oligomers, particularly those oligomers 
effective m treating immune system-mediated diseases. 

II. BACKGROUN D OF THE INVENTION 

While the immune system plays a crucial role ^n protecting 
higher organisms against 1 if e - threatening infections, the immune 
system also plays a crucial part in the pathogenesis of numerous 
diseases . Those diseases in which the immune system plays a 
part include autoimmune diseases m which the immune system 
reacts against an autologous antigen, e.g., systemic lupus 
erythematosus, or diseases associated with immuncregul at ion 
initiated by reaction to a foreign antigen, e.g., graft vs. host 
disease observed m transplantation rejection. 

The pathogenesis and exacerbation of many common T-cell 
mediated diseases result from an inappropriate immune response 
driven by abnormal T-cell activation. The presence of activated 
T-cells have been reported m many T-cell mediated skin diseases 
'! Simon et al . , '.1994) J . Invest Derm . . 103 : 53 9 54 3' . For 
example, psoriasis, which afflicts 2% cf the Western population 
including four million Americans, is a skin disorder 
characterized cy keratmocyte hv^erprolif erat ion and acnormal 
dermal and epidermal infiltration cf activated T-cells. i>^;any 
reports suaaest a na~cr role of these activated T-cells m the 
pathogenesis cf psoriasis iBaadsgaard er al . . 1 5 ? C ■ J. ln\^eE': 
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lifiXm. , ^:275-282, Chang ec ai . , (1992) Arch. Derm. . 128 : 1479- 
1485, Schlaak et ai . , (1994) . Invest: Derm. . 1^:145-149) and 

in AIDS -exacerbated psoriasis {Duvic (1990) ^1,^ Ir^vesC . USJ^m- , 

££:38S-40S). In psoriasis, activated lesional T-cells 
predominantly release the Thl cytokines (IL-2, interf ercn-gamma) 
(Schlaak et ai . , {1994) Invest Derm. . J^:145-149). These 

secreted cytokines induce normal kerat inocytes to express the 
same phenotype (HLA DR+/ICAM-1^) as found in psoriasis lesions 
(Baadsgaard et ai . , (1990) y , Invesl LPeriTt- r 1^:215-282) . Also, 
by virtue of its m vitro and in vivo proinflammatory properties 
and because it is secreted m large amounts by both activated 
T-cells and kerat inocytes frorr. psoriatic lesions, IL-8 is 
considered to be a ma^or contributor to the pathologic changes 
seen m psoriatic skin such as keratinocyte hyperprcli f erat ion . 
Furthermore, one of the B7 family of receptors (the natural 
ligands for CD28 found on activated APC) , BBl,has been shown to 
be expressed in psoriatic but not unaffected skin kerat inocytes 
(Nickoloff. ec ai-, (1993;' Am. J. Pathcloav. 1£2 : 1 C 2 9 - 1 04 0 ) . 

A number of other diseases are thought be caused by 
aberrant T-cell activation, including Type 1 f. msul in - dependent ' 
diabetes mellitus, thyroiditis, sarcoidosis, multiple sclerosis, 
autoimmune uveitis, rheumatoid arthritis, systemic lupus 
erythematosus, inflammatory bowel disease [Crohn's and 
ulcerative colitis; and autoimmune hepatitis. In addition, a 
variety of syndromes including septic shock and tumor - induced 
cachexia may involve T-cell activation and augmented production 
of potentially toxic levels cf lymphokmes. Normal T-cell 
activation also mediates the rejection cf transplanted celis and 
organs by providing tne necessary signals for the effective 
destruction of the "foreign" donor tissue. 
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The activation of T-lymphocytes leading to T-cell 
proliferation and gene expression and secretion of specific 
immunomodulatory cytokines requires two independent signals. 
The first signal involves the recognition, by specific T-cell 
receptor/CD3 complex, of antigen presented by ma.or histocompa- 
tibility complex molecules on the surface of antigen presenting 
cells (APCs) . Antigen-nonspecific intercellular interactions 
between T-cells and APCs provide the second signal that serves 
to regulate T-cell responses to antigen. These secondary or 
costimulatory signals determine the magnitude of a T-cell 
response to antigen. Costimulated cells react by increasing the 
levels of specific cytokine gene transcription and by 
stabilizing selected mRNAs . In the absence of cos t imulat ion , 
T-cell activation results m an aborted or anergic T-cell 
response. One key costimulatory signal is provided by 
interaction of the T-cell surface receptor CD28 with B7- related 
molecules on APC (Lmsley and Ledbetter (1993) Ar.r R>».. 
Unmuaoi., 1^:191-212!. CD2 8 is cons t 1 tu t 1 ve 1 y expressed on 95% 
of CD4. T-cells (which provide helper functions for B-cell 
antibody production^ and 50% of C08+ T-cells -which have 
cytotoxic functions,. -Yamada ec aJ . , ;1985; Eur. - ^-P-uri^- 
1^:1164 -1168). Following antigenic or m vitro rr.itoaenic 
stimulation, further induction of surface levels cf CD2S occurs, 
as well as the production cf certain immunomodulatory cytokines. 
These include interleukin-2 ;iL-2;, required for cell cycle 
progression of T-cells, interferon -gamma , which displays a wide 
variety cf anti-viral and anti-tumor effects and mterleukm-g 
fIL-e:, known as a potent chemctactic factor for neutrochils and 
lymphocytes. These cytokines have been shown to ne regulated by 
the CD28 pathway cf T-cell activation 'Fraser et al . . 1991 
^ilSH^, Zl^:213-2ie, Seder ec al . , 1994 - ^v- m^^ 
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-^.299-304, Wechsler et al . , (1994) ' TmmmQ i ■ , 
i^:2515-2523). IL-2, ^nterf eron-gamma . and IL-8 are essencxal 
,n promoting a wide range of xmmune responses and have been 
shown to be overexpressed xn many T-cell mediated dxsease 

in some T-cell mediated skin disorders such as allergic 
contact dermatitis and lichen planus. CD28 was expressed in high 
levels m the majority of dennal and epidermal CD3. T-cells but 
xn normal skm and basal cell carcinoma (a non T-cell mediated 

^..ease,, CD28 was expressed only xn perivascular T-cells. 
Similarly, m both allergic contact dermatitis and lichen 
planus. 57 expression was found on dermal dendritic cexxs, 
dermal APCs and on kerat mocytes but not m normal s)cxn and 
basa^ cell carcxnoma (Sxmon et al . , (1994) ' ^nv^.- nsHB -- 
^.S39-S43). Therefore this suggests that the CD2S/B7 pathway 
is an important mediator of T- cell -mediated skm diseases. 

Aberrant T-cell activation associated with certain 
autoimmune diseases caused by the loss of self - tolerance is 
predominantly characterized by the presence of C.2B. T-cells ana 

---- liaand. B7 on activated professional APCs 

expression or -ts xigan-. 

r€L''<si These include 
(monocyte, macrophage cr denari... ce--S). 

autoimmune Graves thyroiditis ( Garcia- Cozar ec al , , ■:1993, 
i,,,,^, iZ..32). sarcoidosis (Vandenbergh et al . , (1993. 1^ 
T.m.nol .. ^:317-321). rheumatoid arthritis .Verwilghen et a.. 

n c-^ - - T78-1385) and systemic lupus 
(1994) - Tmmunc^ ■ , IhJ.--^^^ 

erythematosus ^St^KaKxs 



^.8-14; . ir. norma- T-cell activation, wnicn mediates the 
rejection of transplanted cells and organs. 



:ne binding ■■ — 



6 



.^^^ate B7 -laand during T-cell receptor engagement 
by Its acprcpriate c ' ^^udi.^ 

.s critical for proper allogeneic response to foreign antigens, 
for example, on donor tissue (Azuma et a. . , -99. , 
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lZi:353 -360, Turka et ai . . (1992) Pro^. M^^ Ar;.H c,^, tt c^ 
111C2-11105) . 

Traditional therapies for autoimmune diseases do not 
prevent T-cell activation; the effector step m the autoreactive 
immune responses to sel f - ant igen . Drugs, such as steroids and 
non-steroid ant i - inflammatory drugs (NSAIDS), are currently used 
to ameliorate symptoms, but they do not prevent the progression 
of the disease- In addition, steroids can have side effects 
such as inducing osteoporosis, organ toxicity and diabetes, and 
can accelerate the cartilage degeneration process and cause 
so-called pes t - m:) ect ion flares for up to 2 to 8 hours. NSAIDS 
can have gastrointestinal side effects and increase the risk of 
agranulocytosis and iatrogenic hepatitis. Immunosuppressive 
drugs are also used as another form of therapy, especially m 
advanced disease stages. However, these drugs suppress the 
entire immune system and often treatment has severe side effects 
including hypertension and nephrotoxicity. Also established 
immunosuppressants such as cyclosporin and FK506 cannot inhibit 
the Ci:28-dependent T-cell activation pathway (June et ai . , 
(1987) Mcl. Cf^n Q-n^ 2:4472-4481;. 

Given the short com.mgs of current ly - available pharma- 
ceuticals and methods for treating immune system- mediated 
diseases, it is of interest to provide new methods and com- 
positions for treating such diseases. 

Ill- SUMMARY OF THE IN VENTION 

The subnect invention provides methods and compositions for 
tne treatment cf immune system-mediated diseases. The composi- 
tions of the invention have the property cf reducmc the 
expression of CD2a m cells cf interest, which m turn moderate 
pathogenic effects cf the im.nune system m an immune s\'s-erT^- 
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mediated disease. The subject methods of reducing CD28 
expression may also serve as methods of reducing the effects of 
antigenic stimulation of CD28* T cells, thereby decreasing the 
level of activation of CD28* T cells and the release of cytokines 
associated with T cell activation, including mterleukin- 2 , 
mterferon-gamma, and mterleukin- 8 . The compositions of the 
invention include many different oligomers capable of reducing 
the expression of CD28 . 

One aspect of the invention is to provide oligomers capable 
of reducing the expression of CD28 by interfering with the 
expression of CD2e . The oligomers of the invention have nucleic 
acid base sequence homology to a CD28 gene or a CD28 gene 
transcript, or a portion thereof, where the homology is 
sufficient to permit formation of a nucleic acid double- stranded 
helix or triple-stranded helix under intracellular conditions. 
The oligomers of the invention may be DNA, RNA , or various 
synthetic analogs thereof. In particular embodiments, oligomers 
having 11 to 50 bases comprising at least two sequences of GGGG 
separated by 3 to 5 bases. 

Another aspecc cf the invention is to proviae genetic 
engineering vectors for the intracellular expression cf 
oligomers of tne invention m cells of interest, preferably 
cells that naturally express CD28 . 

Another aspect cf the invention is to provide pharmaceu- 
tical formulations comprising one or more different oligomers of 
the invention. The pharmaceutical formulations may be adapted 
for various forms cf administration to the boay or 
administration to ceils to be remtroauced into the body. 

Another aspect cf the invention is to provide methods for 
the treatment cf immune system-mediated diseases. The methods 
of the invention mvoive modulating CD2B expressicn by 
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administering an effective amount of the oligomers of the 
invention. The methods of the invention include methods of 
treating autoimmune disease, methods of reducing inflammation, 
response, methods cf reducing the production of selected 
cytokines, methods of inactivating T cells, and methods of 
immunosuppressmg a transplant patient. 

BRIEF DESORIPTTOM n p tbp; npi^ffj i^^f. 

Figure l is the sequence of the 5' untranslated region of 
the CD2a gene :iA; and the mRNA sequence of human CD2e (IB, IC) . 
Figures 13 and represent different contiguous portions of a 

pclynucleot: ide sequence. 

Figure 2 IS a graphical representation of the percentage cf 
viable (live) T-cells following treatment with various CD2e- 
specific and control phosphorothioate and phosphorochioate - 
3 'hydroxypropyi amine oligonucleotides. 

Figure 3 is a graphical representation cf anti-CD3 
monoclonal antibody/PMA- induced CD28 expression m human T-cells 
from two donors (GVOlO and JCOll;, (A) and the effect of 
CD28-specifi= anc ccntrcl phosphorothioate 'B, batch 1 and 2) 
and pnosphorcthioate-3'hydroxyprcpylamine ;c: cligcnuclectides 
on anti-cn3 monocicnal ant ibody/PMA- induced CD28 expression in 
peripheral blood T-cells from the same 2 donors. 

Figure 4 is a graphical representation of A) the induction 
of T-cell proliferation by mitogens m human T-cells from doner 
KSOOS and Bi tne effect of CD2 8 - speci f ic and control 
phosphorothioate cl igonucieot ides on ant-CD3 m.onoclcnal 
antibody 'PKA- induced human T-cell proliferation. 

Figure 5 is a graphical representation c: tl-.e mducf-r --' 
mterleukm-: ZL-Z- production by anti-cn3 m.onoclonal ar.tioodv 
and PMA m nu^an T-cells ;A: and the effect cf CT: 5 - see c i : i : ana 
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control phosphoroth.oace (B) phosphorothxoate - 3 ■ hydroxypropy 1 - 
amine (C) oligonucleotides on anCi-CD3 monoclonal antxbody/ 
PMA-mduced IL-2 production in human peripheral T-cells. 

Figure 6 is a graphical representation of the induction of 
mterferon-gamma (IFNy! production by anti-CD3 monoclonal 
antibody and Pr4A in human T-cells (A) and the effect of 
CD28-specific and control phosphorothioate (B) phosphorothio- 
ate-3'hydroxypropylamine (C) oligonucleotides on anti-CD3 
monoclonal antibody/PMA- induced interf eron-gamma production in 

numan pex -L^Jiicx - 

Figure 7 is a graphical representation of the induction of 
-nterleuKin-8 ; ZL- 8 production by anti-CC3 monoclonal antibody 
and PMA m human T-cells (A, and the effect of CD28-specif ic and 
control phosphorothioate (B, phosphorotnioate - 3 ■ hydroxypropyl - 
amine (C, oligonucleotides on anti-CD3 monoclonal ant ibody/ PMA- 
induced II.-8 oroduction m human peripheral T-cells. 

Figure 8 is a graphical representation of the induction of 
.nterleu.in-2 receptor (IL-2R. otherwise .nown as CD25) (A, and 
intracellular adhesion molecule-1 (ICAK-1 otherwise '.nown as 
CD54) (B) exoression by anti-CD3 monoclonal antibody and PMA ir, 
human perioneral T-cells treated witr. and without CI,2 8 - specif i c 
and control phospncrothioate 3 ■ hydroxyprcpylamme cligonucleo- 

"''""^Figure 9 is a graphical representation of CD28 expression 
.n HUT .8 (A! and .ur.at (B, human T-cell .mes before and after 
anti-CD3 monoclonal antiboay and PMA treatment, and tne errect 
of CD2B-specific phosphorothioate oligonucleotides m anti-C..3 
n,onoclonal antiboay and PMA-treated Jurkat cells 'C: . 

Fiaure IC is a graphical representation cf tne effect or 
CD2B-soecific pnosphorothioate oligonucleot laes on interleu.in. . 
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production m anci-CD3 monoclonal anribody and PMA- treated HUT 
78 (A) and Jurkat (B) human T-cell lines. 

Figure 11 is a graphical representation of the effect of 
phosphorothxoate oligonucleotides on surface expression of 
accessory molecules and on cytokine secretion in activated T 
cells . 

Figure 12 is a graphical representation of the effect of 
phosphorothioate oligonucleotides on CD28 and CD2 5 mRNA levels. 

Figure 13 is a graphical representation of the sDecificity 
of oligonucleotides RT03S (SEQ ID NO. 44) and RT04S (SEQ ID NO : 
45) with respect to inhibitory effect on functional CD28 
expression . 

Figure 14 is a graphical representation of the tolerance 
induction in vitro by the CD28 -specif lo oligonucleotides, RT03S 
(SEQ ID NO: 44) and RT04S (SEQ ID NO: 45) . 

Figure 15 is a graphical representation of the in vitro 
stability of -F-labeled phosphorothioates , RT03S (SEQ ID NO- 44^ 
and RTC06S (SEQ ID NO: 48, m extracellular supernatants (top 
panel) and Jurkat cell lysates (bottom panel;. 

^- OETAJ t E I ? PriSCRIPTTON of sPFrrirTr F ; MBnnTMT ;Trrr 

Described herein are methods and compositions for treating 
immune system-mediated diseases, wherein the desired therapeutic 
effect IS achieved by decreasing the expression of CD28, thereby 

abrogating activated CD28- T eel" f uir-r • =,--1 ^ 

i-uncc-o-. ana aecreasmg 

activation of ether immune system cells. The inventor has 

discovered that ant igsn - dependent T cell activation may be 

inhibited by decreasing the expression cf OD26 m CD28- T cells. 

The invention provides numerous compounds that xay ce used tc 

decrease the expression cf CD2e m T cells 
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The invention described herein involves the discovery that 
decreasing CD28 expression in T cells can interfere with the 
antigen-specific activation of T cells. The discovery may be 
used to provide numerous methods of treating immune system- 
mediated diseases with oligomers targeted to CD28 and with non- 
oligomer compounds that decrease CD28 expression. By employing 
the discoveries of the biological effects of decreasing CD28 
expression as described m this application, numerous methods of 
treating immune system-mediated diseases are provided, such 
methods may em.ploy non - ol igom.er compounds that have not yet been 
synthesized or purified. 

One aspect cf tne invention is to provide for oligomers 
that can be used to inhibit gene expression of certain genes is 
an established technique frequently referred to as the use of 
"anti-sense" oligonucleotides or "anti-sense therapy." Numerous 
publications on the construction and use cf anti-sense are 
available. Exemplary of such publications are: Stem et al . , 
Science . 2^:1004 -1012 .;i993); Milligan, et ai . , r Mf?;^ . <Zh^V\ -> 
Ji^:1923 - 1937 il993:; Helene, er ai . , r . B l QCh .i m ??; , QghY£ . ACwa . 
1049 : 99-125 il 9 9 C: ; Wagner, ^^^tvire . . : 3 3 3 - 3 3 5 (1994:'; and 

Crooke and Lebieu, ^p^-'^^^-^^ ^^search ^nn APP l.i r^L - . gr . S , CRC 
Press, Boca Raton :1993). The term ant i - sense as used herein, 
unless indicated otherwise, refers to oligomers (including 
oligonucleotides) capable of forming either double - stranded or 
triple-stranded ^triplex) helices with polynucleotides so as to 
interfere with gene expression. The principles cf anti-sense 
design and use described m these publications, and ether 
similar publications, may De used by tne person cf oramary 
skill m the art to design, make, and use various emccdiments c: 
the CD28 specific cligomers cf the invention. 
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The oligomers of the invention are capable of modulating 
the expression of the CD28 gene. The oligomers of the invention 
molude those oligomers that have the property of being able to 
form either a double-stranded polynucleotide helix by 
hybridizing with CD28 transcripts (or portions thereof), or a 
double-stranded polynucleotide helix by hybridizing with a 
portion or portions of a CD2e gene, wherein the helix formation 
may occur under intracellular conditions. The oligomers of the 
invention also include those oligomers that are capable of 
affecting the regulation of gene expression such as by acting as 
molecular decoys and preventing prctem-nucleic acid interaction 
of transcription factors with regulatory elements of the 
untranslated regions of the CD28 gene. Additionally, the 
oligomers of the invention include those oligomers that are 
capable of forming a triple-stranded polynucleotide helix with a 
portion or portions of a CD28 gene, wherein the helix formation 
may occur under intracellular conditions. Both double - stranded 
helix and triple-stranded helix base pairing relationships 
between nucleic acid bases {e.g., adenine - thymine , cytosme- 
guanme, uracil - thymine : are known to the person of ordinary 
skill m the art and may be employed m the design of the 
oligomers of the invention. Regions of the CD2e gene or CD2 6 
gene transcript at which double-stranded helix or triple- 
stranded helix formation can occur with a given oligomer of the 
invention are said to be "targeted" by that oligomer. 

Human CD2S is a 90-kDa homodimeric t ransmemr^rane glyco- 
protein present on the surface of a subset cf r cells, rD2S is 
present on most CD4- T cells and about 50% of CDS" T cells The 
DNA sequence enccdmg human CD2S has been resclved as can be 
found, among ether places, m Lee et al . Jcu>-r.- ^ ^ 

i^:344 -352 l??., and cn publicly accessible gene databases 
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such as GenBank. The human CD28 gene comprises four exons , each 
defining a functional domain of the predicted protein. 
Transcription products of varying sizes have been observed to be 
produced from the human CD28 gene. The oligomers of the 
invention may be designed by referring to the published 
nucleotide sequence of the CD28 gene or the sequence of CD28 
gene-derived cDNAs . The compositions and methods of the 
invention may be readily adapted for use in mammals other than 
humans by referring to the sequence of the CD28 gene from non- 
human mammals- the sequence of non-human CD28 gene may be 
obtained by, among other methods, using previously identified 
CD2 8 gene sequences from humans lor other mammals:^ as gene 
library hybridization probes and,'or PCR (polymerase chain 
reaction) amplification primers. While the published nucleotide 
sequences of the CD28 gene are believed to be accurate, the 
subject invention may be practiced by the person cf ordinary 
skill m the art even if the published nucleotide base sequence 
of CD28 contains sequencing errors. The proper nucleotide base 
sequence errors m published sequences may De detected by, among 
other means, re - sequencing regions of the CD28 gene .or CD28 
gene transcripts., targeted by the oligomers cf tne invention. 
Re-sequencmg may be performed by means of conventional DNA 

sequencing technology. 

The oligomers of the invention preferably comprise from 
about 11 to about 50 nucleic acid case units. It will be 
readilv appreciated by the person of ordinary skill m the art 
that oligomers of tne invention may be significantly longer tnan 
50 nucleic acid base units. In a more Preferred emoodiment of 
the invention, the oligomers comprise from about 8 to aocut 25 
nucleic acid case units; more preferably from about 14 nucleic 
acid base units to anout 22 nucleic base units. The preferrec 
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Size limxtations for the oligomers of tne invention pertain only 
those oligomers that are to be administered extracellularly 
cell and are not applicable to mtracel lular ly produced 
CD2B specific oligomers, e.g., as produced from vectors for the 
genetic manipulation of target host cells. 

The oligomers of the invention may have numerous different 
nucleic acid base sequences. The oligomers of the invention may 
be selected to reduce expression of CD2e by hybridizing (through 
nucleic acid - nucleic acid interaction) to virtually any region 
of a CD2S transcript of CD28 gene in order to reduce expression 
of CD28, or by hybridizing (through nucleic acid - protein 
interaction] to non-nucleic acid molecules that recoanize 
untranslated sequences of the CD28 gene. For example, oligomers 
of the invention may be selected so as to be able to hybridize 
to translated regions of a CD28 transcript, untranslated regions 

f a CD28 transcript, unspliced regions of a CD2S transcript, 
CD28 gene mtrons, CD2B promoter sequences, and CD28 regulatory 
sequence, the 5' cap region of a CD28 transcript, CD2S gene 
coding regions, and the like '.including combinations of various 
distinct regions) . Preferred embodiments of tne CD2S gene and 
CD28 gene transcripts by the oligomers of the invention are in 
the translational and/or transcriptional initiation regions of 
the CD28 gene (and transcripts thereof) . By varying the 
location of the CD28 or CD28 gene transcript in which helix 
formation may occur through the selection of the nucleic acid 
base pair sequence of the oligomer, the potency of the oliaomer 
I.e., the amount required to produce the desired oiologioal 
effect will be varied. Preferred embodiments of tne clirromers 
of the invention nave the highest possible potencv. The cotencv 
of different oligomers cf the invention may be measured cv 
various ^ \' 1 1 r o assays known tc the oerson cf ordinar\' SKill - - 



o 
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the art. Examples of such assays can be found m the 
experiments section of this application. The person of ordinary 
skill m the art will appreciate that it not desirable to 
produce oligomers that are targeted to polynucleotide sequences 
that are also present at gene locations other than the CD28 
gene. For example, it would be undesirable to produce an 
oligomer targeted to the Alu sequence m the 5' untranslated 
region of the CD28 transcript (the ^lu region of the CD28 is 
described in Lee et al . , Journal Qf TmTTlunQlgqy . J^:344 -352 
(1990) ^ The use of oligomers that form double- stranded or 
triple-stranded helices with gene or transcripts of genes other 
than CD28 may oe minin:\i2ed by performing homology searches of 
oligomer nucleotide base sequences against polynucleotide 
sequence information present in publicly accessible data bases 

such as GenBank. 

In a preferred embodiment of the invention, the subject 
oligomers exhibit perfect nucleic acid base complementarity to 
the selected target sequence, i.e., every nucleic acid base m 
the oligomer may enter into a base pairing relationship with a 
second (or third! nucleic acid base on another strand of a 
double (or triple:^ helix. However, a person of ordinary skill 
m the art will appreciate that various oligomers specific for a 
CD28 gene target and/or capable of inhibiting CD2B expression 
may have nucleotide base sequences that lack perfect 
hybridization to the CD28 gene (either strand) , CD28 gene 
transcripts, or Ci:2 B - speci f ic regulatory proteins. 

In preferred embodiments of the oligomers of the invention 
are oligomers having the following nucleotide case sequences: 
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5'TTGTCCTGACGATGGGCTA3' (SEQ ID NO:l) RTOl 

5-AGCAGCCTGAGCATCTTTGT3. (SEQ ID NO 2 ) RT02 

5 ■ TTGGAGGGGGTGGTGGGG3 ■ ( SEQ ID NO : 3 ) RTO 3 

5 • GGGTTGGAGGGGGTGGTGGGG3 ■ ( SEQ ID NO : 4 ' RTO 4 

in particularly preferred embod.mants of the .nvent.on the 
oligomers hav.ng the nucleotide base sequences .nd.cated .n 
-0., RT02, RT03, and RT04 , are pnosphoroth.oates . Particularly 
preferred oligomers are Phosphoroth.oate- 3 ■ hydroxypropyla..ne , 
as described in Tan, et ai . , Nu.I . ftn ^ . 22:977-9ae 

Oligomers of the invention may be designed so as to 
decrease the expression of CD26 in T cells that have 
internalized extracellularly applied oligomers of tne invention 
Additionally, oligomers of the invention may be designed so as'" 
to decrease expression of CD28 when the oligomers are produced 
intracellularly through the use of genetic expression vectors 
inhibition Of CD2e expression may be effected through rx, .nter 
ference with CD28 gene transcription, .ii, interference with 
the transcription of CD28 gene transcripts, (ii., int.-erence 
with the processing of CD2B gene transcripts, or any combination 
°- (I). >ii., and aii;. The precise degree and mechanism o' 
the interference or CD28 expression will depend on facto>-s suo^ 
as the structure cf the particular oligomer, the nucleotide base 
sequence of the oligomer, the dosage of oligomer, the means o^ 
administering the subject oligomer, and the like. 

The term "cligomer'' as used herein refers to both natu^a^l- 
occurring polynucleotides, e.g., DNA, RNA, and to various 
artificial analogs of naturally occurring nucleic acids -na- 
have the ability to form either double - st randed or triple- ^ 
stranded helix winh DNA cr RNA. Many oligomers that are 

artificial analogs cf naturallv occ- — --- ool^.-..^-^ 

. .^..^ PO-i-ynucieot iaes have 

properties that make them superior -o "N'A rk- 
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methods of the invention. These properties include higher 
affinity for DNA/RNA, endonuclease resistance, exonuclease 
resistance, lipid solubility, RNAse H activation, and the like. 
For example, enhanced lipid solubility and/or resistance to 
nuclease digestion results by substituting an alkyl group or 
alkoxy group for a phosphate oxygen in the internucleot ide 
phosphodiester linkage to form an alkylphosphonate oligonucleo- 
tide or alkylphosphotriester oligonucleotide. Non- ionic 
oligomers such as these are characterized by increased 
resistance to nuclease hydrolysis and/or increased cellular 
uptake, while retaining the ability to form stable complexes 
with complementary nucleic acid sequences. 

While numerous oligomers that are analogs of naturally 
occurring nucleic acids are explicitly described herein, and/or 
are otherwise known to the person of ordinary skill m the art, 
It will be appreciated that numerous oligomers that are nucleic 
acid analogs that may be developed m the future may be readily 
adapted by those of ordinary skill m the art to inhibit the 
expression of CD28 genes. A brief review of different currently 
available DNA/RNA analogs that may be used as oligomers of the 
invention by selection of the appropriate nucleic acid case 
sequence so as to target CD28 genes (and transcripts thereof:^ is 
provided below. The various oligomers described m those 
publications are examples, not limitations, of different 
possible embodiments of oligomers that may be adapted for 
inhibition of CD28 expression m the methods and compositions of 
the invention. Met hy Iphosphonate (and other alkyl 

phospnonate:- oligomers can be prepared by a variety of rr^ethoas, 
both m solution and on insoluble polymer supports ■Agrawal and 
Fiftma, ^-^-^ ^:3CG5- 3024 (1979); Miller al . , 

p.o^h....rrv . ia:5134-5142 (1979); Miller ec al . , Z . . 
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2hSm., i^:9659-9665 (1980); Miller eC al . , Nur.^. A^-i p .,^ 
ii:5189-5204 (1983); Miller et ai . , Nnrl Ar-,^. p ^. ii:6225- 
6242 (1983;; Miller eC al . , aior-h^^..r.-y 25. : 5 0 92 - 5 0 9 7 ;i9e6); 
Smha ec al . , TetrahS^ i rnn h-r- ■ 2±:B77-SB0 (1983) ; Dorman et 
ai., TetrahffilT-on , 95-102 (1934); Jager and Engels, 

TeLrahPdr^TI T . '-rr ■ , ii:1437-i440 (1984) ; Noble et ai., MlisLl^ 
A£iUS_a££., 12:3367-3404 (1984) Callahan et al . , Pro.-. M;,n 
Ac a d , n p fi , ^:1617-1621 (1986); Ko^ 1 1. . .w. et al . , 

Chsmlrfl ^-r-rfrl , 2£_l251-260 (1986); Agrawal and Goodchild, 
TSLrahft^r^n T i '-rr , 23:3 = 39-3542 (1987); Lesmkowski et al . , 
Te-.rahP'irn-l t^^^ . , 2^:5535-5538 (1987); Sarm et ai., Pror 
Natl. Arad. .q^- ng:^ ii:7448-7451 ;1988). 

Additional cligoribonucleotide analogs for use as oligomers 
are described m Inova et ai . , Nucl^ir- a^^Ho p^. 1^^6131 
(1987) (2 '-0-methylribonucleotides) , Inova et al. , FES.g T.^rr 
ZL5:327 (1987) . 

Descriptions of how to make and use phosphorothioaces and 
phosphorodithioaces can be found in, among other places, the 
following publications: United States Patent No. 5,292,875, 
United States Patent No. 5,286,71-, United States Patent 
No. 5.276,015, Patent No. 5,264,423, United States Patent 
No. 5,218,103, United States Patent No. 5,194,426, United States 
Patent No. 5,183,885, United States Patent No. 5,166,387, United 
States Patent No. 5,151,510, United States Patent No. 5,120,846, 
United States Patent No. 4.814,448, United States Patent No. 
4,814,451, United States Patent No. 4,096.21:, United States 
Patent No. 4,094,5-3, United States Patent No. 4,092,3 12, United 
States Patent No. 4, 016, 225, United States Patent No. 4,00-,i9-, 
United States Patent No. 3,972,887, United States Patent .\'c . 
3'.Sl-,62:, and United States Patent No. 3,9C7,ei5, Daaie e; 
Nur^ ^"i" ^:4751 -475- :199C., Loke et a:., Pr-.- M;, - 
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Anad. Sri USA . M.;3474 -3478 (1989), LaPlanche, ec al . , NutTlS l C 
Ar-ids Res . ■ 11:9081 (1986) and by Stec, ec al . , ' . Chsm . 

aac- lil£:6077 (1984), and Stem et al . , Nl i cl , Ac i ds ReS - 

ii.:3209-3221 ;i988) . 

Descriptions of how to make and use phosphoramidates can be 
found m among other places the following publications: Agrawal 
et al., Pr- £^:-7079-7083 (1986). Dagle et 

al., ^-^^ i£(6) :4751-4757 (1990), Dagle et al . , 

fir-^rl^ Pes. 1^(8) :1805-1810 (1991), 
Other polynucleotide analogs of interest include compounds 
having acetals or thicacetais m the backbone structure. 
Examples of how to ma^e ana use such compounds can oe found, 
among other places m. 3ao et al . , ? 1 nrh^mi St . rV il:622B-6236 
(1992), Quaedflieg et al . , T^-r^h-^ror^ Let-.. 2^ ( 2 1 ) : 3 08 1 - 3 084 
(1992), Jones ec al . , - Org. CheiH. ^:2983-2991 (1993). 

Other polynucleotide analogs of interest include compounds 
having silyl and siloxy bridges m the bact^bone structure. 
Examples of how to malce and use such compounds can be found, 
among other places m Ogiivie and Cormier, -°r^qh^nrnr , Lg-.'. . . 

2^(35, :4159-4152 ;1985-, . Cormier andOgilvie. ' 

^(lO: :4583-4594 -,1988), PCT publication WO 94/0S811. 

Other polynucleotide analogs of interest include compounds 
having silyl and acetamidate bridges m the backbone structure. 
Examples of how to make and use such compounds can be found, 
among other places m Gait et al., ^ ^Mer , , Sc^ , """''""J™' 
i:1684 (1974:, Mungall and Kaiser, Z — nrq , CheT. , iZ'-'i' ■ "7^^ 

. ^ - ■^o'-^a nc-irnr. Lett . iS. ' ~ " :745 - 746 

(1977' , anc Cou-- ec ai . , an- , .. . a it . i . -. i. - - »^ 

(1987) , 

1 _ -^---.-j^ hav-na morchol mo - cased cackbone 

Polynuclect lae ana^-ogs .idv.-iy iii'-,^^/ 

linkages have also beer, described. Information cr. now to make 

and use such nucleotide analogs can ce founa m. among other 
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places, Un.ted States Patent Nos . 5,034,506, 5,235,033. 
5,034,506, 5,185,444. 

Polynucleon.de analogs hav.ng various am.ne . oeptxde and 
other ach.ral and/or neurral Ixnkages have been descrxbed: 
Caulfxeld en al., SigcrQr.n1. .^^^ 

Ciiam^O^., l(3):395-398 (1994); Ana.w n^^^ ^ P- p^^^ 
22(2):22S-229 (1994), Unxted States Patent No. 5,166.315. and 
United States Patent No. 5,142,047. 

Polynucleonxdes havxng thxoether and other sulfur linkages 
between subunxts are described xn, a.cng other places Schneider 

Brenner. Te = ..hMr-- T , ^^> . , 2i , 3 . . 3 3 5 - 3 3 8 (199C , Huana et 
a.-. org -h ^ „ ., ^:3869-3682 (1991).. Music).x and Wxdlan.kx 

X e...h >-^>-o n r .r-., (10, : 1267-1270 (1991,.. Huang and Wxdlanskx 
Teirf i hMror I .^ r^ ., ^2 (19) : 2657-266O (1992,,. and Revnolds ai 

^' "^""^ 12:2983-2985 (1992), and PCT publxcatxon WO 

91/15500 . 

Other pclynucleotxde analogs of xnterest xnclude pepcxde 
nuclexc acxds (PNAs) and related polynucleotide analoas a 
aescrxp.xon of how co make and use pepcxde nuclexc acxds can be 
iound xn, among otner places, Buchardt ec al . . Tr^^.n. 

- 1^ ^nd PCT publxcacxcn WO 53/12129. 

Other olxgon^ers for use xn antx-sense xnhxbxtxon have been 
descrxbed xn Thuong et ai . , Proc. M..^ .... ^- ^^.,,9. ,,3, 
(1987), L^nxted States Patent No. 5,217.866, Lamond, Bxoch.^ 
SOC . T-^^^^--^r r. il:i-8 {19 = 3, (2 • -o-al).ylolxgorxbcnucleo- 
txdes;. Ono e= a:., £ - p^^r - wg^ ^ ^V^— y. i:49 = - 508 -?93 
(2'-deox>-urxdxne analogs carryxng an amxno l.nker a. the 
posxtxon cf deoxyrxbose; . Kawasax et al . . -. y^-j ^.0.-. 
841 .:io93, ,:'-deoxy-2'-fluoro phosphorcthxoate cl xgonucl eo - ' ^ 
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tides), PCT publication WO 93/23570, Augustyns et ai . , ffiiCi. 
..iH. Res ., 2i(20) -.4670-4676 (1993). 

Additionally. oligoTners may be further modified so as to 
increase the stability of duplexes and/or increase cellular 
uptake. Examples of such modifications can be found m PCT 
publication WO 93/24507 entitled Conf ormationally Restrained 
Oligomers Containing Amide or Carbamate Lin).ages for Sequence- 
Specific Binding," Nielsen et al . , ^:1497-1S00 
(X99X> PCT publication WO 92/05186 entitled "Modified Internu- 
T.nkaaes." PCT publication WO 91/06629. filed October 
,4 1990 and United States Patent 5,264,562 filed April 24, 
,99- oo-h of which are entitled "Cligonucleotide Analogs with 
Novel Linkages," PCT publication wo 9l.'13080 entitled "Pseudo- 
nucleosides and Psuedonucleotides and their Polymers," PCT 
publication wo 91/06556 entitled " 2 ■ -Modified Oligonucleotides, 
PCT publication WO 90/15065 filed on 5 June 1990 entitled 
..Exonuclease Resistant Oligonucleotides and Methods for 
preparing the Same," and United States Patent No. 5,256,775. 
" The oligomers of the invention comprise various nucxeic 
,a,es. in addition to nucleic acid oases found to occur 
naturally m DNA or RNA, e.g., cytosme, adenine, guanine, 

^ ... ,.^3^.1 and hypoxanthine, the oligomers of tne 

thymiaine, urac- , ''^f 

invention may comprise one or more nucleic acid bases that are 
synthetic analogs of naturally occurring acid bases. Such non- 
naturally occurring heterocyclic bases include, but are not 
^imited to, aza and deaza pyrimidine analogs, aza and aeaza 

as wel^ as other heterocyclic base analogs, 
purine analogs as we^^ a= 

Wherein one or more cf the carbon and nitrogen atoms of tne 
purine and pyrimidme rings have been substituted by 

. a oxvq»n, sulfur, seleniurr,, phosphorus, a.. - 

heteroatoms. e.g.. oxyg-i-. 

. r^s^ -no^eties are tnose bases that may oe 
'ike preterred case l^u^c--- 
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incorporated into one strand of double - stranded polynucleotides 
so as to maintain a base pairing structural relationship with a 
naturally occurring base on the complementary strand at the 
double - stranded polynucleotide. 

The invention provides many methods of treating a variety 
of immune disorders. The terms "treatment" or "treatincr'" as 
used herein with reference to a disease refers both to prophy- 
laxis and to the amelioration of symptoms already present in an 
individual. It will be appreciated by the person of ordinary 
skill m the art that a treatment need net be completely 
effective m preventing the onset of a disease or m reducing 
the symptoms associated with the disease. Any reduction of the 
severity of symptoms, delay m the onset cf syrr>ptoms, or delay 
m the progression of severity of symptoms is desirable to a 
patient. Immune disorders that can be treated by the methods cf 
the invention include the diseases m which CD28 expressing T 
cells mediate or contribute to an undesired idiopathic effect . 
Inhibition of CD28 expression results m the decrease cf 
expression of cytokines normally produced by activated CD28* T 
ce^^, such cytokines include inter leukin- 2 , interferon aamma, 
and mterleukm- 8 . Accordingly-, the methods cf the invention 
include, but are not limited to, methods of treatma diseases in 
which pathogenesis is mediated through mt er leukin - 2 , 
mterf eron-gamma , mterleukm- 8 , or a combination thereof, 
whereby a T cell mediated immune response is interrupted or 
reduced. Examples cf immune disorders that may be treated dv 
adm.mist er mg the subject oligomers to a pacieni include organ 
transplantation reflection, septic shock, tumior - induced cachexia, 
and numerous auto-imm.une diseases. Autoimmune diseases that mas- 
be treated by the sub-ect methods include diseases tnat are 
mediated ty aberrant T cell activaticn including Tste : 



SUBSTITUTE SHEET (RULE 26) 



wo 96/24380 




PCT/US96y01507 



- 22 ' 



(insulin-dependent; diabetes, thyroiditis, sarcoidosis, multiple 
sclerosis, autoimmune uveitis, ulcerative colitis, aplastic 
anemia, systemic lupus erythematosus, rheumatoid arthritis, 
parasite induced inflammation and granulomas, Crohn's disease, 
psoriasis, polymyositis, dermatomyositis , scleroderma, 
vasculitides , psoriatic arthritis, Graves disease, myasthenia 
gravis, autoimmune hepatobil 1 iary disease, and the like. 
Additionally, the methods and compositions of the invention 
provide for the treatment of a variety of syndromes, including 
septic shock and tumor - induced cachexia, m which the pathogenic 
effects are mediated, at least m part, by the lym.phokine 
secreted from activated T cells. 

The disease treatment methods of the invention comprise the 
steps of administering an effective amount of the subject 
oligomers to a patient. The precise dosage, i.e., effective 
amount, of CD28 -specif ic oligomer to be administered to a 
patient will vary with numerous factors such as the specific 
disease to be treated, the precise oligomer ior oligomers) m 
the therapeutic composition, the age and condition ot the 
patent, and the like. Protocols for determining suitable 
pharmaceutical dosages are well known to those cf ordinary skill 
m the art and can be found, among other places, m Remmaton's 
Pharmageutical Science (latest edition), Mack Publishing 
Company, Easton, Pa., and the like. 

In addition to administering the CD28 targeted cligomers 
directly to a patient, the invention contemplates methods of 
treatment m which CD2S" cells (or cells having tne potential tc 
express CD2S) are removed from a patient (with or wmhout ether 
cells; and transformed with one or more different oligomers cf 
the invention. Transformation may be oy any cf a variety cf 
means well known to the person skilled m the art, e.g. , 
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electroporatxcr., catxonic lipids such as DOTMA or DOSPA. and the 
like. Transformed cells may Chen be reintroduced into the body. 

Another aspect of the invention is to provide methods of 
treating immune disorder by means of administering CD2 8 - specif ic 
oligomers, wherein the oligomers are produced mtracellularly 
through recombinant polynucleotide expression vectors, 
intracellulariy-produced CD2 8 - specif ic oligomers are necessarily 
RNA or DNA molecules. Recombinant polynucleotide vectors for 
the expression of polynucleotide sequences of interest are well 
known to the person of ordinary skill m the art of molecular 
biology. Detailed descriptions of recombinant vectors for the 
expression of polynucleotides of interest can be found m, among 
other places, "Somatic Gene Therapy,- ed. P. l. Chang. CRC 
Press, Boca Raton (1995), R. c. Mulligan, Scienr. Z^n, 926-932 
(1993), F. W. Anderson, Sciftnr^, 2^:808-873 (1992), Culver ec 
al.. Hum . Grn^- ^h^- -, Z:107-l09 (1991), and the like. Suitable 
recombinant vectors for use m the subject methods of treating 
immune disorders through genetic engineering are either able to 
integrate mtt t.ie genome of T cells or replicate m the 
cytoplasm of T cells. CD2 8 - speci f ic oligomers for use ir. 
intracellular administration are preferably significantly longer 
than CD28-specific oligomers for extracellular administration. 
In a preferred embodiment of the subject methods of 
intracellular CD'S administration, the CD2 8 - speci f 1 c oligomer is 
complementary to one or more entire C::2S transcripts or the 
entire —2= gene; however, suitable intracellular. y-produced 
CD28-specific oligomers may be considerably snorter ir. iengtn. 
•Jnli)te extracellularly-administered CD2 8 - spec 1 f ic oligomers, 
CD28-specific oligomers do net present problems with 

intracellular uttake or hvdrclvsis bv ex- -o ^ „ 

.. V J. s 1.N ex- - a_e - .ui ar en^'/mes . 
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The subject methods of using intracellular CD2 8 - speci f ic 
oligomers may involve administering CD2 8 - specif ic oligomer- 
encoding recombinant vectors directly to a patient. 
Alternatively, CD2 8 - speci f ic ol igomer-producing vectors may be 
administered directly to cells that have been removed from a 
patient (i.e., stem cells, T cells, whole blood, marrow, etc.), 
whereby transformed cells are produced. The transformed cells 
may be subsequently be reintroduced into a patient. 

The invention also specifically provides for expression 
vectors capable of expressing one or more of the oligomers of 
the invention. Generally, such expression vectors comprise, m 
operable combination, a promoter and a polynucleotide sequence 
encoding an oligomer capable of inhibiting the expression of 
CD28 in a T cell. Although many different promoters may be used 
in the vectors of the invention, preferred promoters are capable 
of driving the high level expression in T cells. The expression 
vectors of the invention may also comprise various regulatory 
sequences. Currently available expression vectors, especially 
those vectors explicitly designed for gene therapy, may readily 
be adapted for the expression of CD2 8 - target ed oligomers of the 
invention. The vectors may be adapted for the expression of 
CD28 -targeted oligomers using conventional genetic engineering 
techniques such as those described m Sambrook et ai . , MglSguiaiT 
Cloning . 2nd Ed., Cold Spring Harbor Press, Cold Spring Harbor, 
N.Y. (1989) . 

Another aspect of the invention is to provide 
pharmaceutical formulations for the administration of the 
oligomers of the invention so as to effect the treatment of 
immune system-meaiated diseases. These pharmaceutical for- 
mulations may be readily produced by the person of ordinary 
skill m the art of pharmaceutical science. Such formulations 
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comprise one or more cf the oligomers of the invention,- however, 
m embodiments of the invention comprising more than one 
different types of oligomers, the oligomers are preferably 
selected so as to not be able to hybridize with one another. 
The pharmaceutical formulations of the invention may be adapted 
for administration to the body m a number of ways suitable for 
the selected method of administration, including orally, 
intravenously, intramuscularly, intraperitoneally , topically, 
and the like. In addition to comprising one or more different 
oligomers of the invention, the subject pharmaceutical 
formulations may comprise one or more non - biological ly active 
compounds, i.e., excipients, such as stabilizers (to promote 
long term storage], emulsifiers, binding agents, thicKenmg 
agents, salts, preservatives, and the like. 

Formulations for parenteral administration may include 
sterile aqueous solutions, which may also contain buffers, 
diluents, and other suitable additives. Pharmaceutical 
formulations cf the invention may be designed tc promote the 
cellular uptake cf the oligomers m the composition, e.g.. the 
oligomers may oe encapsulated m suitable liposomes. 

Pharmaceutical formulations for topical administration are 
especially useful for localized treatment. Formulations for 
topical treatment included ointments, sprays, gels, suspensions, 
lotions, creams, and the like. Formulations for topical 
administration may include, m addition to the subject 
oligomers, known carrier materials such as isopropancl , 
glycerol, paraffin, stearyl alcohol, polyethylene giyccl, etc. 
The pharmaceutically acceptable carrier may also include a .<n=wn 
chemical absorption promoter. Exam.ples of absorption cromcters 
are e.g., dimethylacetamide iUnited States Patent 

r trif lucroethanrl United 



No. ;,4-'2,931 , tricnloro-ethancl — ' 
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States Patent No. 3,891,757); certain alcohols and mixtures 
thereof (British Patent No. 1,001,949), and British patent 
specification No. 1,464,975. 

In addition to the therapeutic uses of the subject 
oligomers, the oligomers may also be used as an analytical 
laboratory tool for the study of T cell activation. T cells 
have several surface receptors in addition to CD2S and the 
antigen specific T cell receptors. Difficulties arise in 
studying the individual biological properties of selected 
receptors because of potential and actual interactions between 
multiple receptor-mediated pathways . By providing a mechanism 
for decreasing CD2e expression m T cells, the oligomers and 
methods of the invention also provide useful laboratory methods 

for studying T cell behavior independently of the CD28 

activation pathway. 

The invention may be better understood by referring to the 

following examples. The following examples are offered for the 

purpose of illustrating the invention and should not be 

interpreted as a limitation of the invention. 

VI, EXAMPLES - SERIES 1 
OlicjTon ucleo tides 

Oligodeoxynucleotides were synthesized on an automated DNA 
synthesizer (Applied Biosystems model 394) using standard 
phosphoramidite chemistry . [3 - cyanoethyiphosphoramidi t es , 
synthesis reagents and CFG polystyrene columns were purchased 
from Applied Biosystems (ABI , Foster City. CA) . 3 ' - AmmoModi - 
fier C3 CFG columns were purcnased from Glen Research (Sterling, 
VA) . For phosphorothioate cligonucieot ides , the standard 
oxidation bottle was replaced with tetraethylthiuram, 
disulf ide/acetonitrile , and the standard AEI pnosphcrct ni oate 
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program was used for the stepwise addxt.on =, phos.hcrothxoane 
l.n..ges. Afce. cleavage f.o. .he controlled pore glass column 
the protecting groups .ere removed by treating the ol.gonucleo- ' 
t.des wxth concentrated anmon.uo, hydroxide at 55=C for 8 hours 
The Oligonucleotides were purified by hp.c using a reverse phase 
semiprep C8 column ,ABI! . Following cleavaae of the DMT 
protecting group, treatment with 80 % acetic acid and ethanol 
precipitation, the purity of the product was assessed by HPLC 
using an analytical CIS column (Beckman, Fullerton CA) All 
Oligonucleotides of >90 V purity were lyophilxzed to d^vness 
Oligonucleotides were reconstituted in sterile deioni.ed water 
(ICN. Costa .Mesa . adjusted to 4C0 uM followina evaluat^^n o^ 
OD260nm, ali.uoted and stored at -20"C prior to experimentation 
in all cases, at least three batches of each oligonucleotide 
listed in Table 1 were used. 

Ce ll linffB and t ppIi p..^.j f ^ ^ ^^^ „^ 

Peripheral blood mononuclear cells PBMCs ) wer^ isolated 
from the buffy coat following Ficoll -Hypaque densitv aradien- 
centrifugaticn cf 60 ml blood from healthy donors. T-ce-s w»^. 
then purified fro. the PBMCs using Lym.pnoKWiK l^^.onocvt^ 
isolation reagent specific for T-cells .:L.K-2ST, One :.ambda , 
Canoga Par. CA. Ar. average yield of 40 - 60 x 10^ T-cells we^e 
then incubated overnight at 37°C in 20 - 30 ml RPMI-AP. 
(RPMI-1640 medium CCN. Costa Mesa, CA) containing CO uy. HEPES 
buffer, pH -'.4, 5% autologous plasma, 1 % L-clutamine, : % 
penicillin.-'streptoinycin and C . 05% 2 -mercac-— -an- " -~ 
any contaminating adherent cells. Ir. all experiments, --^e-'s 

were washed with R?m:-aP5 and then plated on 96 -well 

plates at a cell concentration of 2 - 3 x 10» cells/ml ^ 
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The T-cell lymphoma cell lines, Jurkat E6-1 {CD28+/CD4+) 
cells (152-TIB) and HUT 78 (CD28-/CD4 + ) cells {TI3-16i:~ (ATCC, 
Rockville, MD ) were maintained m RPMI-IC (RPMI-1640 medium con- 
taining 20 MM HEPES buffer, pH 7.4, 10 % fetal calf serum ( FCS ) 
{Hyclone, Logan, UT) , 1 % L-glutamme and 1 % penicillin/strep- 
tomycin) . 

Mitogen- induced T-ccll activation 
and oli gonucleotide trgatm^rth 

Prior to the addition of human peripheral T-cells or T-cell 
lymphoma cell lines (C.2 - Q.3 x 10^), duplicate 96 -well 
microtitre plates were pre-coated with purified anti-CD3 
monoclonal antibody (mAb) (6.25 - 200 ng/well) (clone HIT 3a, 
Pharmmgen, San Diego, CA) and washed twice with cold 
phosphate-buffered saline, pH 7.4 (PBS). Anti-CD3 mAb-treated 
T-cells were further activated by the addition of 2 ng phorbol 
12-myristate 13 -acetate (PMA) fCalbiochem, La Jolla, CA- and 
incubated for 48 h at 37°C. Anti-CD3/PMA-activated T-cells were 
treated with 1 - 20 mK CD2 S - speci f ic and control oligonucleo- 
tides immediately following activation and re-treated 24 h 
later. T-cells from one duplicate plate was used for immunoflu- 
orescence analysis and the supernatants used for cytokine 
studies and the second plate was used for T-cell proliferation 
analysis . 

Tmrniinr^f luorescence studies. 

Following activation, 150 ml cell supernatant from tne 
first duplicate m.icroplate was transferred to another micrcplate 
for analysis of cell -derived cytokine production. The remLaming 
cells were washed tiwice with isctonir saline solution, pH ^.4 
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(Becton Dickinson, Mansfield, MA) and resuspended m 50 mi 
isotonic saline solution and split into two samples. One sample 
aliquot was co-stained with either PE-CD28/FITC-CD4 or 
PE-CD54 /FITC-CD25 mAb and non-specific fluorescence was assessed 
by staining the second aliquot with PE/FITC - labeled 
isotype-matched control monoclonal antibody. All 
fluorescence- labeled monoclonal antibodies were obtained from 
Becton Dickinson (San Jose, CA) . Incubations were performed m 
the dark at 4°C for 45 min using saturating mAb concentrations. 
Unincorporated label was removed by washing m PBS prior to the 
analysis with a FACScan flow cytometer (Becton Dickinson) 
Antigen density was indirectly determined m gated live cells 
and expressed as the mean channel of fluorescence (MCF) 
Surface expression of specific antigens (CD54, CD25) was repre- 
sented as the mean channel shift (MCS; obtained by subtracting 
the MCF of FITC- or PE-labeled isotype-matched (IgGl) control 
mAb-stained cells from the MCF of FITC- or PE-labeled 
antigen-specific mAb seamed cells. Alternatively, surface 
expression of the CD4*-subset of cells stained witn CD28 mAb was 
determined by subtracting the MCF of CD2 3* CD4* from the MCF of 
CD28" CD4 cells. The viability of control untreated and oligo- 
nucleotide - treated cells were determined m each batch of all 
oligonucleotides in multiple donors by staining wirh the vical 
dye, propidium iodide (5 ug/ml final concentration) . The 
percentage of live cells which excluded propidium. iodide was 
determined by flow cytometry and was > 90 % (range 9C - 99 %) 
following treatment with all batches of all oligonucleotides at 
a dose range of 1 - 20 /iM (Figure 2} . 
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cell -derived humar. cyrokxne concentrations were determined 
m cell supernatants from the first duplicate microplate. 
Mitogen -induced changes m interleukm- 2 (IL-2) levels were 
determined using a commercially available ELISA kit (R & d 
systems Quantikine kit, Minneapolis, MN) or by bioassay using 
Che IL-2 -dependent cell line. CTLL-2 (ATCC. Rockville, MD) . 
Mitogen- induced changes m mterf eron-gamma and interleukm- 8 
(IL-e) levels were determined by ELISA using kits from Endogen 
(Cambridge, MA) and R . D systems (Quantikme kit, Minneapolis 
MN, respectively. All ELISA results were expressed as pg/ml and 
tne CTLL-2 bioassay as counts ner minute represencma the 
IL-2 -dependent cellular incorporation cf -'K- tnymidmJ (ICN, Costa 
Mesa, CA) by CTLL-2 cells. 

The second duplicate microplate in all experiments were 
analyzed for changes m mitogen- induced T-cell proliferation. 
72h following anti-CD3/PMA activation and m the absence or 
presence of oligonucleotides, cells were pulsed with 1 uCi 
^H-thymidme (ICN, Costa Mesa, CA) and incubated overnight at 
37=C. Mitogen- induced cell growth, as assessed by incorporation 
of radioactive label, was determined by harvesting the cells and 
scintillation counting on a Wallac Betaolate counter (Wallac. 
Gai thersburg , MD) 

hu m an T-rrUe bv cnyfl - >,i.«^i f 4 . ^ ^ on„.i 

Anti-CC3,'PMP! treatment of human T-cells increased the 
surface expression cf CD2S , using immunofluorescence ar.alvsis:^ 



from a MCS cf . resting T-cells to a .MCS ct is: 
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(n = 9) . The difference m CD28 expression in resting and 
activated T-cells is defined as mitogen- induced CD28 expression 
(Figure 3A) . Figure 33 and 3C shows the treatment of 
anti-CD3/PMA-activated T-cells with phosphorothioate (denoted as 
S-oligomers, Figure 3B) and phosphorothioate - 3 ' amine (denoted 
as A-oligomers, Figure 3C) forms of CD28 - specif ic and control 
oligonucleotides m 2 donors and with 2 separate batches of each 
oligonucleotide. Of the four candidate oligonucleotides, RTOl - 
RT04, (Table 1) , in the dose range 2-10 ^M, both 
phosphorothioate and phosphorothioate - 3 ' amine forms of RT03 and 
RT04 were the most active inhibitors of mitogen- induced CD28 
expression, botn inhibiting induced CD28 expression by greater 
than 50% (IC^O at 5 or less. These two oligonucleotides, 
which differ in length, were designed to hybridize with a 
stretch of double - stranded DNA, 5' upstream of the transcription 
initiation site of the CD28 gene. No similar dose-dependent 
inhibition of mitogen- induced CD2B expression was observed with 
the control oligonucleotides, RTCOl (SEQ ID NO: 5' - RTC06 (SEQ 
ID NO: 10) (Table 1) . All experiments were performed on at 
least three batches of each oligonucleotide using T-cells from 
donors. The fact that oligonucleotide regulation of CD28 
expression was demonstrable m human T-cells is critical because 
peripheral, epidermal and dermal T- lymphocytes are the intended 
target of CD2 8 - specif ic oligonucleotides. 

inhibition of mi roqen-ind uged T-cell 
proliferation by rD28- e pgcigic ol iaQnucleot idgg 

The mitogenic effect of anti-CD3/PMA treatment was 
demonstrable by the augmented proliferation ooserved following 
the activation cf resting T-cells. The incorporation of 
^H-thyrr.idme , represented as counts per minute, was 3j1641 * 
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47856 (n = 9) m activated T-cells and 650 * 566 [n = 9} m 
resting T-cells. The effect cf anti-CD3 and PMA on T-cell 
proliferation are synergistic as shown m Figure 4A. Figure 4B 
shows a representative experiment cf the effect of CD2 8 - specif ic 
and control phosphorothioate oligonucleotides on 

anti-CD3/PMA-activated T-cell proliferation. In at least seven 
separate experiments, all m the dose range 2 - lo uM , both 
phosphorothioate (data not shown) and phosphorot hioate - 3 ' amine 

(Figure 4B) forms of RT03 and RT04 were the most active 
inhibitors of mitogen- induced T-cell proliferation, inhibiting 
T-cell proliferation by up to 45%. No similar dose-dependent 
inhibition of mi togen - induced T-cell prclif eraticn was observed 
with the control oligonucleotides, RTCOl (SEQ ID NO: 6) - RTC06 

(SEQ ID NO: 10) . Here, treatment with CD2e -specif ic oligo- 
nucleotides, RT03 and RT04 , could reverse the hyperprol if erat ion 
of activated T-cells thus demonstrating that regulation of the 
CD28 pathway had a significant effect on one vital biological 
function of T-cell activation, T-cell proliferation. 

Inhibinion of activated T-cell -derived cvtokini^ 
production bv CD28 -specif ic oli gonucleotideB 

Activated T-cells produce a variety of immunomodulatory 
cytokines including IL-2, interferon - gamma and IL-8. CD28 
-inducible restriction elements for IL-2 and IL-8 have been 
demonstrated m the promoter sequences for both genes and have 
subsequently been shown to be regulated by the CD2S pathway 
(Fraser er al . , (1991} Science 251:313-316, Seder ez al . , .1994: 
J Exp Med 179:299-304) . I nt e r f eron - gamma also has oeen shown tc 
be regulated by the CD28 pathway (Wechsler et al . , J . Immunol 
X^;25l5-2523 .1994)^. Ant i - CD3 / PMA t reatment of resting 
T-cells dramatically increased the T-cell -derived levels cf all 
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three cytokines (Figures 5A, 6A and 7A) . Figure 5, 6 and 7 res- 
pectively depict the effect of phosphorothioat e (B) and 
phosphorothioate- 3 ' amine ® versions of CD28 -specif ic and 
control oligonucleotides on IL-2, mterf eron-gamma , and IL-8 
production in activated T-cells from the same representative 
donor. The CD2 8 - specif ic oligonucleotides, RT03 ( SEQ ID NO: 3) 
and RT04 (SEQ ID NO: 4) but not the control oligonucleotides, 
RTCOl (SEQ ID NO: 5)- RTC06 (SEQ ID NO: 10) (data not shown)), 
inhibited mitogen - induced IL-2, interf eron-gamma . and IL-8 
production m activated T-cells in a dose -dependent manner. 
Both phosphorothioate (IC.n 5 mM) and phosphorothioat e - 3 ' amine 
(ICsc 10 uM) forms of tne CD2 8 - specif ic oligonucleotides were 
equally active m the dose range 2 - 10 . Similar results for 
all three cytokines were seen with 4 or more different donors. 
These observations demonstrate that CD28 - specif ic oligonucleo- 
tides were also capable of regulating multiple effector 
molecules of the CD28 pathway of T-cell activation. 



Specificity of oligonucleotide inhibit ion of CD2a ejcpression . 

The specificity of the CD28 -specif ic oligonucleotides, RTC3 
and RT04 was evaluated by three methods . 

(1) CD2 8- independent T-cell activation markers. 

The first method was to determine whether these CD28- 
specific oligonucleotides were able to inhibit the expression of 
other humian T-cell activation markers which act independently of 
the CD28 cost imulatory pathway. Activation of resting T-cells 
significantly increases the expression of both the IL-2 receptor 
(CD25) and the intracellular adhesion molecule, ICAM-1 (CD54; . 
However, both "hese accessory molecules are regulated 
independently of the CD28 pathway {June et al . , Mcl . Ce 1 1 Bicl . , 
7:4472-4481 :1987:, Damle et al., J. Immunol . , 14 9 : 2 5 4 1 (19 9 2 1. 
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F.gure 8 shows the effect of CD28-specxf ic and control oligo- 
nucleotides on CD2S (Figure eA) and CD54 (Figure 8B) ex.ress.on 
in mitogen- activated T-cells. No significant decrease m the 
activated T-cell expression of both CD25 and CDS4 were observed 
following treatment with all CD28- specific and control oligo- 
nucleotides m the dose range 2 - lo mM. This clearly 
demonstrates the specificity of the CD28 -specif ic oligonucleo- 
tides m inhibiting expression of their target protein. 
(2) CD28-negative T-cell line. HUT 78 

The second method was to demonstrate that the CD28 pathway 
was really the target for 01)28 - speci fic oligonucleotides by 
comparing mi togen - induced IL-2 production in a 0028*. T-cell 
leukemia cell Ime. Jurkat E6-1 and a CD28-, T-cell lymphoma 
cell line, HUT 78. Figure 9A confirms the absence of OD28 
expression m both resting and activated HUT 78 cells whereas 

constitutive levels o-^ rn-7R 

^eveis c. CD28 increases upon activation in Jurkat 

E6-1 cells (Figure 9B) . m CD28* Jurkat E6-1 cells, 
CD28 -specific but not control oligonucleotides were able to 
inhibit m.itogen- induced CD28 expression (Figure 90) and also 
mitogen- induced IL-2 production (Figure lOB) . m contras' 
CD26- HUT 76 cells, mitogen- induced IL-2 production was not 
affected by OD28 - speci f ic and control oligonucleotides (Figure 
lOA) . This clearly demonstrates the specificity of these oligo- 
nucleotides to inhibit only 0D2 8 - regulated :l-2 production. 
(3) Specific activation of CD28 pathway 

The third method was to activate resting T-cells specif- 
ically via the 01)28 pathway using anti-on2S monoclonal antiboay 
m combination with mitogens ( ant i - CD3 / PMA ) using identical 
protocols to those used m activating T-cells with mitogens 
alone. Anti-CD28 mAb m combination with PMA cr anti-or-3 mAb 
has been previously shown to provide the cost im.ulat ory sianal to 
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resting T-celis and promote only CD2 6 -dependent and not 
TCR-dependent augmentation of T-cell proliferation and cytokine 
production (June et al . , (1987) MqI . Cell Biol ■ , 7:4472-4481). 
Phosphorothioate and phosphorothioate - 3 ' amine versions of 
CD2 8 - specif ic but not control oligonucleotides were able to 
inhibit CD28 -dependent activation of IL-2, IL-8 and interferon- 
gamma production and T-cell proliferation m 

ant 1 - CD28/mitogen-activated resting T-cells (data not shown) . 
This clearly demonstrates that only the CD28 -specif ic oligo- 
nucleotides act only on the CD2B pathway of T-cell activation. 

VII. EXAMPLES - SERIES 2 

QliCTomjeleotiides 

Oligonucleotides were synthesized with an Applied Bio- 
systems 394 DNA synthesizer. Phosphorothioate linkages were 
introduced after the standard oxidation bottle was replaced with 
tetraethylthiuram disul f ide /acetonit r ile . The purity of the 
oligonucleotides was assessed by analytical HPLC. All oligo- 
nucleotides of >90 % purity were lycphilized to dryness and 
reconstituted in water (400 ^M) . At least three batches of each 
oligomer listed m Tables 3 and 5 were used. 5' labeling of 
oligonucleotides was achieved using T4 polynucleotide kinase and 
i:p-YATP . 

T cell activation studiefl 

Peripheral blood mononuclear cells ' PBMCs : were isolated 
from healthy donors by density gradient centrif ugation followed 
by T cell enrichment using LymphoKwik (One Lambda) . 
Contaminating monocytes were removed by adherence to plastic. 
Purified T cells were > 99% CD2- , <1% HLA-DR* and c 5 % CD25* . 
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Jurkat E6-1 ;CD28-/CD4-) T cells and HUT 78 (CD28-/CD4M r cells 
and the monocytic cell line, THP were obtained from ATCC. Cell 
were cultured at a concentration of 0.2 - 0.3 x lOVwell and 
activated with piate-immobilized anti-CD3 monoclonal antibody 
(mAb) (HIT3A 0.25 Mg/ml ) (Pharmingen) and 2 ng phorbol 
I2-myristate 13-acetate (PMA) (Calbiochem) . 

Imnninof luoT-aa q ence Hfiirji nff 

Cells were co-stained with either PE - CD28 /FITC- CD4 or 
PE-CD54/FITC-CD25 or with PE/FITC- labeled isotype-matched 

controls (Bectcn Dickinson) . Cell surface antigen density 
(CD28, CD54, CD2 5 ) was confirmed by flow cytometry (FACScan. 

Becton Dickinson) . Viability was assessed by propidium iodide 
(5 Mg/ml) exclusion m control untreated and oiigo- treated CD4- 

cells from multiple donors and was typically > 90 % (range 90 - 

99 %) following 48h incubation with 1 - 10 of each batch of 

all oligonucleotides. 

Pro li feration and ev^r.Hr,f . aaaayB 

Proliferative responses were assessed by measuring 'H 
-thymidine ,1a Ci , :CN' incorporation for the last leh^cf eacr, 
assay. Cells were narvested onto filters and DNA synthesis was 
measured following scintillation counting on a Wallac Betaplate 
counter. Cytokine concentrations in culture supernatants were 
assayed using ELISA kits for IL-2, :l-8 i c Systems, and IFN- 
Y (Endogen) cr by bioassay using the IL- 2 -dependent cell line, 
CTLL-2 (ATCC- 

RT-PCR and .<^nnr hern Ana^y flie 

Total cellular RNA was extracted using Trizcl reagent 
;GI3C0/BRL; . The cDNA synthesis reaction i Promega • was 



s 



BMSOOaO: <WO__8flB4aeQ* 1 JA> 



SUBSTITUTE SHEET (RULE 26) 



wo 96/24380 




PCT/US96/01507 



- 40 - 



performed using oligomer (dT) primer and AMV reverse 
transcriptase (H. C.) . The PCR reaction (GeneAmp PCR kit, 
Perkin-Elmer Cetus) consisted of 50 ^l mixture containing 3 ^1 
of cDNA, dNTPs (each at 200 ^M) , 0 . 5 of each primer and 1 
unit of Taq polymerase- The primers used were as f ollows : CD2 8 , 
5 ' -CTGCTCTTGGCTCTCAACTT- 3 ' (sense) and 5' AAGCTATAGCAA GCCAGGAC- 
3' (antisense) , interleukin- 2 receptor p55 alpha chain primers 
(Stratagene) and pHE7 ribosomal gene. Kao, H.-T., Nevins, J. R. 
(1983) Mol ■ Cel 1 - Biol . 3, 2058-2065 Amplification conditions 
were 45 sec at 94°C, 1 min at 57°C and 2 mm at 72^C for 35 
cycles, followed by 8 min at 72'^C. PCR products were separated 
on 2% agarose, transferred to Hybond N+ membrane (Amersham) m 
20 X SSC overnight and immobilized using 0.4 M NaOH . Blots were 
hybridized with ^^P-yATP labeled oligonucleotide probes. Washed 
blots were then analyzed using Phosphor Imager . 

MLR and alloant iqen. specif ic T cell assavs 

For MLR responses, PBMCs were cultured (1:1) with mitomycin 
C-treated (50 ^g/ml) PBMCs from a HLA- disparate individual. In 
alloantigen-specif ic T cell assays, T cells isolated fro:r, PBMCs 
of tetanus - toxoid-primed healthy donors were cultured (1:1' with 
autologous mitomycin C-treated PBMCs m the presence of tetanus 
toxoid (2 ^g/ml, List Biologicals) . In both assays, 2 x 10^ 
cells/well were cultured for 6 days at 3 7^C prior to further 
analysis . 

In vifrro oliaonu eleotide stability BtUdiCB 

Temporal oligonucleotide stability analyses were performed 
as described previously (Tarn, R. C, Li , Y., Noonberg, S., 
Hwang, D. G., Lui , G., Hunt, C. A., Garovoy, M. R. ;i994) 
Nucleic Ar- Res . 22, 977-986) . Oligonucleotide degradation 
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profiles were assessed by electrophoresis and quanticaced using 

Nickspin columns . 



I nhi b i tion gf CPZft nrpresBlon b.. »hnnr,h»^>.^h1 ^ij ^^nii-lnr 

Figure 11 summarizes the effect of the phosphorothioate 
oligonucleotides from Table 3 on surface expression of accessory 
molecules and on cytokine secretion in activated T cells. The 
oligomers used were designed to hybridize to the 5' untranslated 
region (UT) of the CD28 gene, and were either antisense (AS) or 
G-rich sequences. Control oligomers were either sense strand 
(SS) or complementary strand (CS) sequences. 48h treatment of 
resting T cells (R) with ant--CD3 antibody and PMA augmented the 
expression (Ac) of the accessory molecules. CD28 (A) , CD25(B) and 
CD54® and of the cytokines. IL-2 (D) , IFNyCE) and IL-8(F) Data 
are presented as mean standard deviation of triplicate samples. 
The cumulative effect of two additions (0 and 24h) of 2tiM , 
5nM(^) and lOaM (j-J) cf the phosphorothioates from Table 3 on 
activation- induced T cell function was monitored by 
immunofluorescence analysis (accessory molecules) and by 
determination cf secreted cytokine levels using CTLL-2 bioassay 
(IL-2) and ELISA (IFNy, IL-8). Surface antigen density ( MCS :: , \n 
gated live CD4 • cells was measured as the increase m mean 
channel of fluorescence compared to IgGl controls. IL-2- 
dependent cellular incorporation of -H- thymidine was measured as 
counts per minute (cpm) and immunoreact i ve IFNv and IL-B as 
pg/ml. The data shown, all derived from experiments perfcrmea 
on T cells isolated from a single donor, are representative of 
experiments from 9 separate donors. 



Table 3. Phosphorothioate oligonucleotides 
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01 igo 


Sequence 


( 5 ' 


to 


3 ' ) 






Description SEQ 


ID 
NO 


RTOIS 


TTG 


TGG 


TGA 


CGA 


TGG 


GCT 


A 


AS 5' UT 79-97 


42 


RT0 2S 


AGC 


AGC 


CTG 


AGC 


ATC 


TTT 


GT 


AS 5' UT 94-113 


43 


RT03S 


TTG 


GAG 


GGG 


GTG 


GTG 


GGG 




G-rich 5' UT 58-75 


44 


RT04S 




TTG 


GAG 


GGG 


GTG 


GTG 


GGG 


G-rich 5' UT 58-78 


45 


RTCOIS 


TAG 


CCC 


ATC 




AGG 


ACA 


A 


SS to RTOl 


46 


RTC02S 


ACA 


AAG 


ATG 


CTC 


AGG 


CTG 


CT 


SS to RT02 


47 


RTC06S 


AAC 


CTC 


CCC 


CAC 


CAC 


CCC 




CS to RT03 


48 



The data demonstrates that selected phosphorothioat e 
oligomers (Table 3) can specifically block act ivat ion - induced 
CD28 expression m CD4* T cells. In a representative donor 
{Figure llA) , activation- induced CD28 expression but not IL-2 
receptor (CD25) or intracellular adhesion molecule-l (ICAM-1 or 
CD54) expression, was inhibited in a dose-dependent manner by 
the phosphorothioate oligomers, RT03S (SEQ ID NO: 44) and RT04S 
(SEQ ID NO: 45) (IC,, 5 mM) . No similar inhibition was 
observed with the antisense oligomers, RTOIS (SEQ ID NO: 42) or 
RT02S (SEQ ID NO: 43. i or the control oligomers, RTCCIS (SEQ ID 
NO: 46), RTCC2S (SEQ ID NO: 47) and RTC06S (SEQ ID NO: 48). 
Furthermore, we provided evidence that the active oligomers 
modulated act ivation- induced CD28 by blocking transcription m 
activated human T cells. At 10 mM, RT03S (SEQ ID NO: 44 > and 
RT04S (SEQ ID NO: 45; but not a representative control cligo, 
RTC06S (SEQ ID NO: 48), reduced expression cf act i vat ion - mouced 
levels cf CD28 but not IL-2 receptor mRNA ^Figure 12) . 

Fiaure 12 shows the effect of phosphorothioate oligonucleo- 
tides at 10 uM on CD28 and CD25 mRNA levels. Resting (lane l- 
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and ant 1 -CD3 /PMA- activated {6h' levels cf CD2 8 and CD2 5 mRNA, in 
the absence (lane 2) cr presence of the oligonucleotides, RT03S 
(SEQ ID NO: 44: (lane 4j, RTC06S (SEQ ID NO: 64) (lane 51 and 
RT03D (SEQ ID NO: 49) ^lane 6) were detected following RT-POR of 
total cellular RNA and Southern analysis using specific, 
radiolabeled probes. The CD28 probe was derived from exon 2 
is ' 'ACGGGGTTC AACTGTGATGGGAAATTGGGCAA- 3 ' . and for IL-2 receptor, 
the probe was generated from the original primer mix. Equivalent 
loading was assessed following hybridization with a probe 
generated from pHE7 sense primer. RNA from 0D2 8 -def icient HUT 
(7) and THP (S^ cell lines were used as controls. The data shown 
are representative cf 3 separate experiments. 

Thus the specific inhibition cf CD2S mRNA levels oy 
biologically active phosphcrot hioat es paralleled their effect on 
CD28 surface protein. Moreover, active oligomers abrogated 
activation- induced T cell function, as RT03S (SEQ ID NO: 44) and 
RT04S (SEQ ID NO: 45^ but not RTOIS (SEQ ID NO: 42) or RT02S 
(SEQ ID NO: 43) or the control oligomers, RTCOIS (SEQ ID NO: 
46), RTG02S (SEQ ID NO: 471 and RTC06S (SEQ ID NO: 48;, marKedly 
inhibited ant i - CD3 / PMA- induced synthesis of the cytokines, ID- I, 
IFNy and IL-5 o\' activated T cells (IC, 5 uM , range I - ic 
( Figure 1 IB ) . 

As alternate cost imulatory pathways can also induce 
lymphokme synthesis m activated T cells (Damle, N. K., 
Klussman, K., Dmsley, P.S., Aruffo, A. ;1992) 0 . Immunol . 148, 
1985- 1992; , It was important tc determ.me wnetner the biological 
activity cf RT03S : SEQ ID NO: 44; and RT04S ^ SEQ ID NO: 45' was 
specific tc functional CD28 expression. Acccrdingl\- , we 
compared the ef,fect cf pnosphorothioates cn ant i - CI 3 / PMA - i nouce d 
11^-2 production m a DD26* , T cell leukemia cell line, Jurkat 
E6-1 and a CD2£ , T cell l\Tnphoma cell line, K'JT "5. As 
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summarized in Figure 13, 48h treatment of resting cells (R) with 
anti-CD3 antibody and PMA increased CD28 expression (Ac) m 
Jurkat (A, right) but not HUT 78 (A, left) cells. However, 
activation augmented IL-2 production m Jurkat, (C left), and 
HUT 73 (D, left) cells. The active oligonucleotides, RT03S (SEQ 
ID NO: 44) and RT04S (SEQ ID NO: 45), at 1 uM (Q) 2 (M (|||) , 5 
mM (^) and 10 (Q) inhibited CD28 expression (B) and IL-2 

levels CC, right) m activated Jurkat cells but had no effect on 
CD2 8 - independent IL-2 secretion m activated HUT 78 cells (D, 
right) . The data shown are representative of three separate 
experiments . 

In Figure 13A, immunocytcf luorometric analysis confirmed 
the absence of CD28 expression in both resting and activated HUT 
78 cells, whereas constitutive levels of CD28 increased upon 
activation m Jurkat E6 - 1 cells. Furthermore, m Jurkat E6-i 
cells, RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 45) (range 1 
- IOmM) significantly inhibited both act ivat ion- induced CD26 
expression (Figure 13B) and IL-2 production 'Ficrure 13C) . In 
contrast, although activated HUT 78 cells produced similar 
levels of :L-2, no comparable cligo- dependent inhibition cf this 
lymphokme was ODserved ; Figure 13D! . 

We also demonstrated that T cell activation lexpressicn of 
CD28, IL-2, IL-8 and IFNy) directed by a specific anti-CD2S n^Ab 
m combination with anti-CD3, was blocked by biologically active 
phosphorothioate oligomers (data not shown) . Direct 
crosslmkmg cf CD2e molecules nas oeen previously shown tc 
promote onl\' JD2 3 - dependent and not TCR - dependent augmentation 
of T cell prcli f erat icn and cytokine production ;june, C. H., 
Ledbetter, J. A., Gillespie, M. M., Lmdsten, T., Thompson, 2. 
B. (19B^'' Mel. Cell Bicl. 1, 4 4 7 2 -44 8 1.:. Taken roaether, cur 
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data strongly suggests that bioactiv.ty of the actxve ol.aomers 
was specxf.c to the CD2S pathway of T cell activation. 

Iu h i b i r,1on Of T c.n Prn1if.r.^.., . , ^ 

we next compared the efficacy of the CD2 8 - soecif ic oligo- 
nucleotides. RT03S (SEQ ID NO: 44) and RT04S ,SEC ID NO: 45) m 
blocking antigen-specific primary immune responses in .i tro In 
Figure 14, resting ,A, 3) and activated (E. levels of CD26 

are indicated for tetanus toxoid-specif ic T cell assay .top 
panel, a and e: and mixed lymphocyte reaction , bottom canel , E 
and F) . The percentage cf CD4-, CD28-hi T cells is shown m the 
right-hand marker for A, 3, E and F. Oligomer activity was 
assessed by the potential of two additions (0 and 96h) of I 
O' 2mm (B). 5 MM (^) and 10 MM (Qphosphorothioate oligo- 
nucleotides from Table 1 to reduce the percentage cf CD28-hi 
expressing T cells ,c, G) and activated T cell proliferation :D, 

K; m each assay. Activation of T cel^s was - r-i..-^-^ 

was ^nauced ir. resDonse 

-o tetanus toxoid 'top panel, or following stimulation cf 

resconder T c^l^s f v ■. ^ 

iY' ;bctton panel:. These data are representative cf tnree 
separate experiments. 



:ell 



In Figure 14, using ooth tetanus t oxo id - spe c i f i c 
assay ^P.g^re 14B^ and primary mixed l.^pnocyte reaction -igure 
14F;, we observed the appearance cf a suopopulat icn cf 
activaticn-mduced C-23-h. expressing T cells after the - aay 
assay pence. Additicn cf RrC3S .SEQ NO: 44 and RT04S SE; 

II - resulted m a dcse-related cimmuticn c! 

":^26-hi expression Fias 14'' ^4^' - -^^^ 

x-i^, a. .a a ^crrespcncmr decrease 

tetanus toxoid- soeci f i c -^c:- — « >-oc.^ 

j.*!!^. di^c respcncei" ce±^ 
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antxgen-specific (Figure 14H) T cell proliferation. No similar 
effect was observed with RTOIS ( SEQ ID NO: 42) or the control 
oligomers, RTCOIS (SEQ ID NO: 46;, RTC02S (SEQ ID NO: 47) or 
RTC06S (SEQ ID NO: 48) . 

It IS known that modification of oligomers with phosphoro- 
thioate internucleotide lin)cages can impart nuclease resistance 
and thus extend the in vitro bioactivity from 1 - 2h to 24h 
(Stein. C. A., Cheng, Y. C. (1993) Z^^SJ^26^, 1004 -1012.). 
Table 4 shows the temporal effect of phosphorothioates . RT03S 

, / cp'^- NC • 4 8' cn surface CD28 

;SEQ ZD NC 1 44 ' and R^CObb i btv ^-J • 

expression in the continued presence ^ or following rem.oval of 
oligonucleotide from the extracellular milieu on day 2 (D) . 
Monitoring was performed by immunof luorocytometry . Results are 
expressed as the difference m surface antigen expression of 
activated T cells (MCF.) and ol igonuc leotide - t rested activated 1 
cells (MCF.) - CD28 expression m resting T cells on day 2 to 4 
was in the range - - 

difference . 
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Table 4 . Tempora 
continuous cr 



activity of phosphorotnioates following 
iscontmuous oligonucleotide treatment 



ifferential CD28 expression (MCF^ - mcF, 

RTC06S [SEQ ID 



RT03S (SEQ ID 



NO : 4 4 



Day 




MCF, 


0 




5 


2 




144 . 6 


18 


. 4 


8 . 9 


3 




13 5.6 


21 


. 9 


15.9 


3 


n 


136 . S 


18 


3 


11 . S 


4 




1 2 3 . r 


15 . 


"1 


9 . 7 


4 


D 


130.1 


2 . 


3 


ND 



10 
9 . 3 
5 . 1 



ND 



ND 
ND 



ND 
3 . S 
ND 
ND 



ND 
ND 



As shown in Table 4, the duration of effect of RT03S (SEQ 
ID NO: 44) exceeded 24h and persisted through day 2 . 3 and 4, 
relative to oligomer dose. However, upon removal of RT03S 'SEQ 
ID NO: 44), from the extracellular rr.ilieu on day 2, the 
inhibitory activity remained for 24h and was then completely 
abolished witnm the next 24h. Nc oligomer activity was 
ODserveo with a representative control cligc, RTC06S iSEQ ID NC : 
48) tnroughou. tne same time course. A similar pnenomencn was 
observed with cligo -mediated inhibition cf activated T crell 
proliferation ^Idata not snown). Increased bioavailability 
provided by pnosphorot hioat e m.odi f i cat i cn alone cannot account 
fcr the remar.<ably prolonged bioactivity of RTC3S ^SEQ ID NO: 
44:1. Therefore, we demonstrated that tne extended duratic- o*" 
effect was associated with additional m vitro stabilitv 
provided by tne secondary structure cf RTC3S .SEQ ID N2 : 44 

Figure 15 summarizes test results cn the in vitro s-a"--"'--- 

cf ^--p-laDeled onosoncrotnioate- :?-n.c cr- ^-^ , , 

' — w — H^ — anc 
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RTC06S (SEQ ID NO: 48} excracel lular supernatants (top panel) 

and Jurkat cell lysaces (bottom panel) . (A) Time -dependent 
degradation (C - 96 h ) of each oligonucleotide (2000 cpm ) was 
assessed by electrophoresis on a 20% polyacry lamide denaturing 
qel followed by visualization using a Phosphor Imager . (B^ The 
percentage of intact full length -F- RT033 (SEQ ID NO: 44) (o) 
and ^^?- RTC06S (SEQ ID NO: 48) (•) remaining at each time point, 
relative to t = C , was determined m eluates from lOOOQ cpm of 
extracellular supernatants and cell lysates applied through 
Nickspm columns (Pharmacia). Molecular weight standards (Std), 
^^P-dNTP (N) and free '^P - ort hophosphate (F; were s im>ul t aneous ly 
analyzed . 

T- -igure 15A, the e leer rcpherogram.s clearly show thar , for 
both extracellular supernatants (S) and cell lysates (L) . 
considerably more intact -P-labeled RT03S (SEQ ID NO: 44) than 
RTC06S (SEQ ID NO: 48) remained following a 96h incubation with 
Jurkat cells. Consistent with this observation are the Nickspm 
column data (Figure ISB;. Here, the percentage of intact 
oligomer recovered from RT03S (SEQ ID NO 44) after 96h was 54% 
(S) and 59% (1) and from RTCQ6S (SEQ ID NO: 48^ was 10% ( S ■■ and 
34% (L; . In addition, secondary srruc::ure alone is no- 
sufficient to account for the increased nuclease resistance and 
duration of bioactivity of RT03S (SEQ ID NO: 44) as its 
phosphodiester counterpart, RT03D had little bioactivity (Table 
5) and from m vitro stability studies, only had a half-life of 
24h vdata not shown) . 

Table 5. Identification of oligonucleotide sequence 
responsible for inhibition of CD28 expression and CD2 6 - aepenaent 
IL-2 production 
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* Relative inhibition of expression 
Oligo Seauence r^nyp, n 

NO: 

RT03S TTG gag Or^TG gT^I^ ,00(3. 1 0 C ( 4 4 44(49) 

RTllS QQQ^AG GAy QQQ CTG GAA 100 iqg 50 

RT04S GGG TTG GAG Q^^^G GTQ 123 lOQ 45 

RT05S TTG GAG OS^AG GAQ QQ^. 136 IQO 51 

RT0 9S TTG GAG Qwv y AG GTQ ggg 126 loO 52 

RTIOS TTG GAG gCj QTG GT^L_S^ 31 33 5^ 

40 57 54 

RT25S TTG GAG ^^^TG CT^ QQQ 44 25 55 

RT2 3S TTG GAG CC;? wTG GT^.^ 33 57 5^ 

RT18S GGG GTG GTQ QQQ 120 57 

RTC07S ggy 2 2 -Q 
RTC08S V wg^l 

*■ — b \^ 
RT2CS CAC TGC ^AG GGC 5 6 -5 

RT21S at;; QQ^ TGC ACA AAC T£i^ 51 6 3 6 2 

RT15S AAC GTT GA^.^ CAT 26 52 63 

RT06S TTC GAG CZZ GTG CTC GGG 2 9 2 2 64 
RTG06S AAG CTC GG^ ^A" CA^^ -'C- 

, ^ - 48 

In preparing tne data for Table 5, the m vitr-- a--- 

phospnorctnioate c 1 igcnu t lect ides was deter-mez by their 
ability tt mhibic GG26 expression m ant i - GG3 ?MA - a 1 1 1 va red 
peripheral human T cells and their effect cn activated 'l^-' 



BNaooao: <wo 9ag43«a» i _ia> 



SUBSTTTUTE SHEET (RULE 26) 



PCr/US96/01507 

WO 96/24380 

- 50 - 

production m Jurkat T cells. Results are expressed relative to 
the activity of 5 mM RT03S (SEQ ZD NO: 44) viOO%) whose r^inge of 
inhibition in 7 experiments was 52 - 79 % of CD28 expression 
and 76 - 89 % of IL-2 production. The values for the 
phosphodiester form of RT03D (SEQ ID NO: 49) are in parentheses. 

TH^r,^^fi= ^ l t , i^^" "f minimal setTirnrP vfti i ch cpntere b i olgqica l 

«nl-.ivitY vitro 

Active phosphorothioate, RT03S (SEQ ID NO: 44), is an 16 

mer originally designed to hybridize to the 5' untranslated 

region of the human CD2 8 gene, and has a sequence containing two 

sets of contiguous four G's. To identify tne sequence - re 1 ated 

factors critical for inhibition of activat ion- induced CD2B 

expression m human T cells and CD28 -dependent :l-2 production 

m Jurkat T cells, bases were selectively added, deleted or 

substituted from RT03S (SEQ ID NO: 44) and activity assessed 

relative to the parent oligomer (Table 5) . Addition of three 

G's at the 5' end (RT04S) or one or more changes of T to A m 

the region oetween both four G sequences (RT05S (SEC ID NO: 51 . 

RT09S (SEQ ID NO: 52i5 did not reduce the inhibitory effect 

, ^ --T-mc; , c^-. NC- 44 ' Intel est inaly, tne sense 

relative to r,TO-ib ; si, ■ 

sequence (RTllS (SEQ ID NO: 50); also showed no change m 
activity relative to RTC3S (SEQ ID NO: 44) . However, m 
contrast, deletion or replacement of one or more G's by cytosme 
(C) withm both sets of four G's (RTIOS (SEQ ID NO: 53,, RT24S 
(SEQ ID NO: 54::, RT25S (SEQ ID NO: 55). RT23S (SEQ ID NO: 56; 
(SEC ID NO: 56>' resulted m a marked loss of activity relative 
to RT03S (SEC ID NO: 44,-, Deletion of tne six residues - cf 
the first four G's m RT03S (SEQ ID NO: 44) had no effect =r. tne 



inhibitory activity of tne oligonucleotide (RT18S !SEO 
57)). in contrast, reducing (RTI9S (SEQ ID NO: 5B:. , or 



n: 
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increasing (RT20S ;SEC ID NO: 61.. RT213 (SEQ ID NC : 62)) the 
number of residues between both four G sequences dramatically 
reduced the inhibitory activity relative to RT03S (SEQ ID NO- 
44). TGGGG, GGGG or sequences containing 4 consecutive G's such 
as RT15S (SEQ ID NO: 63 had little or no inhibitory activity 
relative to RT03S (SEQ ID NO: 44) . These data demonstrated that 
the biological activity of RT03S (SEQ ID NO: 44, is dependent on 
a specific sequence motif comprised of 2 sets of 4 contiguous 
G's separated by 3 - 5 residues. 

In view of the tolerogenicity imparted by disrupting CD28 
function (Boussiotis, V. A., Freeman. G. J.. Gray, G.. Gribben, 
C Nadler, L. v. (1903; , EXP , MpI . 178, 1753-1763.,, it was 
important to examine whether oligo-mediated inhibition of CD2e 
expression could provide a more effective strategy for inducing 
T cell anergy and alloantigen-specif ic tolerance in vitro. We 
showed that the phosphorothioate oligomers, RT03S 'SEQ ID NO: 
44) and RT04S, inhibited ant 1 -CD3 /PMA- induced CD2 8 expression m 
human CD4- T cells by reducing both mRNA and mature protein 
levels relative to oligomer dose. Furthermore, in crder to 
demonstrate target specificity, we examined cl igo - mediated 
effects on IL-: receptor and ICAM-1 expression: two accessory 
molecules knowr. to be regulated independently cf the CD2S 
pathway (Damle, N. K., ec aj . , (1992) J. r„^,,^„- _ 
1985- 1992; June, C.H. ec al . . (1987) Mol . r-^- u^^- 7, 
4472-4481; Stem. C. A., et al . . Y.-C. 1993 Scienr-^ 261, 
1004- 1012; Boussiotis, V. A., et ai . . :,1993'. J. Fx. M.^ 173, 
1753 -1763,. Crrrespondmgly, both activated message and croieir. 
-eve^s cf CD25 and surface expression of CD54 were resista-- -c 
oligomer action. 

Costimulati-n via the CD28 pathway directl-.- induces 
expression of i~,munomcdulatory cytokines such as ZL-Z. rPNy and 
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IL-8 in actiivaned T cells (Fraser, J. D., er ai . , (1991) Science 
251, 313-316 Jenkins, M. K., et ai . , (1991} J. Immunol. 147, 
2461-2466; Seder, R. A., et ai . , (1994) J. Exp. Mf^d . 179, 
299-304; Wechsler, A. S., et ai . , (1994) J. Immunol. 153, 
2515-2523) . For t olerogeni ci ty to be successful, active 
CD28 - specif ic oligomers must abrogate this function. 
Administration of active oligomers resulted in concomitant 
modulation of act ivat ion - induced IL-2, IFNy and IL-8 production. 
To underscore the exquisite specificity of the active oligomers 
to inhibit CD2 8 -dependent functions, we showed that they were 
unable to prevent act ivat ion- induced IL-2 production in a 
CD2 8 - def icient cell line, HUT 7S . Furthermore, maximal cligo- - 
mediated inhibition of IL-8 production m activated T cells 
never exceeded 50% suggesting that an alternative regulatory 
pathway driving CD2 8 - independent IL-8 production was preserved. 
Oligomer activity was not restricted to polyclonally activated T 
cells, as inhibition of act ivat ion - induced CD28 levels resulted 
in dramatically reduced T cell proliferation m both MLR and m 
tetanus- toxcid-specific T cell assays. Thus, our active 
oligomers mediated alloantigen- specif ic tolerance in \'itro, ana 
provide a promising alternative tt the ligand capture strategy 
for inducing T cell n^'pcrespons iveness such as seen with CTLA 4 
Ig, a hign affinity B7 binder (Tan, ?., Anasetti, C, Hansen, J. 
A. , Melrose, J. , Erunvand, M. , Bradshaw, J. , Ledbetter, J. A. , 
Lmsley, ?.£. '1993) ' . Fxi^ . Med. 177, 165-173.). 

In determining the duration of effect of the active 
pharmacophore, we observed that RTC3S -SEQ 1- NC : 4 4 snowed 
surprisingly persistent inhibition cf both activatea CL28 
expression and 71:2 6 - dependent T cell proliferation, even 56r: 
following oligomer treatment. Bioactivi-y was not relatea tt 
toxicity as upon removal of cligom.er complete reversal tf 
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inhxbiccry activity occurred withm 24h. Moreover, upon 
comparison of the phosphcrothioates , RT03S (SEQ id NO- 44) and 
RTCOes (SEQ ID NO: 48,, our an v. tro stability studies showed 
Chat secondary structure, mediated by the G-rich sequence m 
RT03S ,SEQ ID NO: 44). increased two- to fourfold the nuclease 
resistance typically associated with phosphorothioates (Stem, 
C. A., Cheng, Y. C. (1993) Scienr^ 261, 1004-1012... The 
extended half life (96h) of -P-RT03S (SEQ ID NO: 44! correlated 
with Its duration of bioactivicy. m addition, RT03r, the 
Phosphodiester counterpart of RT03S (SEQ ID NO: 44), exhibited 
both reduced in vi trc stability and bioactivity, an observation 
whicn IS consistent witn previous reports (Maltese. J.-Y., 
Sharma, H. W.. VassUev. l., Narayanan, R. ,.995. ^.r^.'i\.... 

23, 1146-1151). Therefore, stability imparted by secondary 
structure is not solely responsible for the increased 
bioactivity of RT03S (SEQ ID NO: 44). Thus the nuclease 
stability granted by both phosphorothioate modificaticn and 
secondary structure may account for the prolonged inhibitory 
activity of RT03S (SEQ ID NO : 44) . 

Single base pair substituticr -n hvr-r- - 1 , = t- - ^_ j 

^^-^i2at icr. - aecendent , 

antisense and antigene models car. virtually aoolis.n activitv 
(Maltese, j.-v., sharma , H. w., Vassilev, 1.. Narayanan, R . 
11995; Nucleic Acids Res. 23, 1146-1151.). In contrast . 
activity of CD28-specific oligomers was only dramatically 
reduced if sequential substitution occurred withm bet.-, sets of 



four G's implying defined structural requirement for c.aomer 



function. In addition, following cationic s tab . 1 . zat i = r. l": x.V 
KC: and NaCl: cf tne secondary structure present m ?-:3S sec 

^^i^su.e^ >,.e^. ^ ^^r.-e snowec a ::ransition 

profile ida^a net shown; wnioh is suggestive of 3-ouarre- 
fcrxaticn Hardin, C. C, Watson, T., Corregan, Hailev, r. 
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(1992) ^1 prh^misnrv 31, 833-841). Taken together, our data 
provide evidence that this class of CD2 8 - specif ic oligomers act 
via a hybridization- independent mechanism and that secondary 
structure of the sequence, possibly through G-quartet formation, 
delimits oligomer activity. Similarly, Bennett, F., Chiang, 

M. Y., Wilson-Lingardo, L., Wyatt, J. R. (1994) NUwl^ig AcldS 
Res . 22, 3202-3209, demonstrated that activity of their 
phosphorothioate oligomers was based on possible G-quartet 
formation in sequences containing two sets of three or more 
consecutive 3 and this suggested that ol igo-mediat ed regulation 
of human phosphol ipase A.- was through specific nucleic 
acid-protem interaction. 

Specific protein recognition by a range of G-quartet 
^^^^^^^^^3 have been demonstrated m telomeres, centromeres 
(Blackburn, E. H. (1990) r, BiQl • ChgrT- . 265, 5919 - 5921), 
imm.unoglobulm switch regions (Shimizu, A., Hon^o, T. (1984) 
Cell 36, eci-803) and a class of regulatory oligomers called 
aptam,ers ^Bock, 1. C, Griffm, L. C., Latham, J. A., Vermaas , 
E. H., Toole, J. ^. ■1952; liaJLLiJL^ 3 5 5 , 564 -566; Huizenga, D. Z., 
SzostaK, J- W. ;1995' --o^hemistrv 34, 656-665; 5ergan, R., 
Connell, Y., Fanmy, 3.. Kyle. E., NecKers, L. .1994: 
Arid.q Res. 22, 215C-2154:'. In our studies, cligomers capable cf 
forming an mt erm.oiecular four stranded G-quartet structure from 
a set of four contiguous G's, such as those m telomeres (Smith, 
F. W., Feigon, J. '1952:^ II^^^JAI^ 2S6 . 164 -167), weakly inhibited 
CD28 expression. .An example cf this was RT15S -SEO :d NC : 63, 
whose G-ricn sequence was previously shown by ctners zc inhibit 
c-myc expression ^.sequence 14 m Burgess, T. L., Fisner, E. r., 
Ross, S. 1., Breaay, Y. V., Qian, Y . - X . , Bayewi^cr., 1- A., 
Cohen, A. y.., Herrera, C. C, Hu , S. S.-F., Kramer, T. B., '^oti, 
F. Z. Martin, F. r. . , Pierce, G. F., Sim.one- , Farrell, Y. L. 
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^^^^-^ F^w;; . NMr ;.. Agr^l S-- r , ^A . 92, 4051 -4055). Another 
G-ricn scrucrure, zhe intramolecular G-quartet, nas been shown 
to mediate aptameric inhibition of thrombin (Wang, K. Y_ 
McCurdy, S., Shea, R. G., Swammanthan , S., Boltcn, ?. H. ;i993 
B i ggnf^ni^ . s^-y 32, 1985- 1904; Maoaya , R. F., Schultze, P.. Smith, 
F. W., Roe, J. A., Feigon, J. (1993) Pror- . M.M 

90, 3745*3749). Sequential analysis of RT03S (SEQ ID NO: 44) 
predicts that paired G's of residues 3 - 4 , 7 - 6 , 12 - i 3 and 
16 - 17 can potentially form such a G-quartet structure. 
However, removal cf residues 1 - 6 [RT18S (SEQ ID NO.- 57)), 
which disrupted the intramolecular quartet, was ineffective m 
blocKing the mnibition cf CD25 expression and CD: 5 - dependent 
IL-2 production. These data suggest that the activity of RT03S 
(SEQ ID NO: 44^^ arises from an alternate G-quartet structure. 

RT03S (SEQ ID NO: 44!^ indeed has a similar 12 m.er sequence 
to a motif predicted by others (Smith, F. w., Feigcn, J. (1993) 
Blgghf^rm f=^r ry 32, 8682-8692) to be essential for dimeric 
G-quarter formation. Dimeric G-quartets can arise from two 
strands cf DNA, alternately parallel and ant ipara 1 le 1 . Here, 
ad-acent strands contriDute four G's to form four stacked 
G-quartets. A motif cn eacn strand, consisting cf twelve 
residues witn four bases separating two sets of contiguous four 
G's, was associated with formation and stability. We have snown 
that the core 12 m.er sequence (RT18S (SEQ ID NO: 5^'' has 
similar activity to RTC3S (SEQ ID NO: 44 ^ . Also G to G 
substitutions :RT12S ;SEQ ID NO: S3::, RT23S 'SEZ ID NC : 56 
RT24S 'SE; id NO: 54 , Rr25S SEQ ID NO: 55' witnir. cc-- --e 
four G regicns resulted ir. a 56 - 69% loss cf mnicitcr-.- 

mserticn .RTIIS SEI ID NO: 61 , RT21S fSEQ ID NI : 62 cr 

5 8 ■ cf c^ases separating tne sets c: 



deletion .RT19S SEI ID N 
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G's reduced the relative bioactivity by 52 - 70%. Taken 
together, these data suggest that a specific sequence motif, 
which has the capability to form a dimeric G-quartet, is 
critical for phosphorothioate cligo-mediated inhibition of 
functional CD2S expression. 

The mechanism by which this type of dimeric G-quartet 
exerts its biological effect is unknown. However, several lines 
of evidence substantiate the hypothesis that this motif enables 
our active oligomers to function as decoys, presumably by 
competitively hindering the interaction of a dimeric G-quartet 
promoter sequence with a specific transcription factor. 1) An 
oligomer corresponding to an upstream region cf tne CD2 3 gene 
(RTllS (SEQ ID NO: 5C) ■ exhibited equivalent biological activity 
to RT03S (SEQ ID NO : 44) . 2) Our active oligomers function via 
a non- ant isense mechanism. 3) These oligomers modulated CD2e 
mRNA expression; hence their bioactivity was not related to 
direct target protein interaction. 4] G-rich promoter regions 
are prevalent (Evans, T., Schon, E., Grazyna, G. M., Patterson, 
J., Ef stratiadis, A. - 984:' Nucleic Acids Res . 12. 804 3 - 805; 
KilpatriCK, M. W., Torn, A., Rang, D. S., Engler, J. A., Wells, 
R . C . . 1 9 6 6 . S icl . Ihem . 261, 1135 0 -11354; llarr:, S. 
Lewis, C. I., Felsenfeld, G., ';i990i Nv;rl^^g 1 Rss ■ 18' 
5119-5126.., increasing the possibility that G - quart e t - forming 
promoter sequences are a general regulatory phenom.ena . 5) 
Double stranded oligomers can act as decoys for the 
transcription factor, E2F (Morishita, R., Gibsons, G. H., 
Horucni , . , Ellison, K. E., Naka^ima, M., Zhang, L., Kaneda , 
Y., Cginara, T., Dzau, V. J. (1995' ?-^: . NaT, I ■ Aw^^ • — V5A 
92, 5855-5359 '. ^ G-rich oligomers have been shown tc m.ediate 
the induction cf Spl transcription factor Perez, 1. R.. li , V., 
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INCORPORATION BY l^fjff;^^^^^^ 

ons cited 



All patents, patents applications, and publicati 



are incorporated herein by reference. 



The foregoing written specification is considered to oe 



sufficient to enable one skilled m the art to practice the 
invention. indeed, various modifications cf the aoove -desc-ibed 
.aKes fcr carrying out t..e invention wnicn are ocvious t. tnos^ 
skilled m tne field of organic chemistry or related fields are 
intended to oe withm the scope of the following claims. 
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What IS claimed is: 

1. An oligomer capable of reducing Ci;28 gene 
expression m a T cell . 

2. oligomer according to Claim 1, wherein said 
oliaomer .s capable of hybridizing to a CD28 gene transcript 



3 . An oligome 

:1 igome 



r according cc claim 2 wnerem said 



r hvoridizes tc the initiation codon of 



4. An oligomer according to Claim l, wherein said 
3-gomer is capable of hybridizing to a CD28 gene. 

5. An oligom.er according to claim 4 wherein said 

. -T-;qn^--^ot the initiation codon of 

oligomer hyoridizes to a _rans^.^t.- 

CD2 8 . 

6. An oligomer according to claim 1 wnerem the 

'PAS- rucleic acid bases and no more 
oligomer comxrise:^ ci ^ ^eas^ - — 

than S: nucleic acid bases. 

7. AT. oligomer according to Claim 1 wnerem said 
oligomer is a DNA or RNA molecule. 

6. An oligomer according to Clam 1 navm? less tnan 

■ ^n-^ ^^-^u-ma tne seauence 5 ' TT3TCCTGACGAT3GCCTA3 ' , ■ 

2 2 oases anc x-iC^u^x.i:^ 

10 NC : 1 : ■ 
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S. An oligomer according to Claxm 1 having less than 
22 bases and including the sequence 5 ' AGCAGCCTGAGCATCTTTGT3 ' , 
(SEC ID NO : 2 ; . 

10. An oligomer according to Claim 1 having less than 
22 bases and including the sequence 5 ' TTGGAGGGGGTGGTGGGG3 ' , { SEQ 
ID NO : 3 ) . 

11. An oligomer according to Claim 1 having less than 
22 bases and including the sequence 5 ' GGGTTGGAGGGGGTGGTGG - 

GG3 • , { SEQ ID NO : 4 ) . 

12. An oligonucleotide according to claim 1 having a 
phosphorothioate backbone with 11 to 50 bases comprising at 
least two sequences cf GGGG separated by 3 to 5 bases. 

13. A method for treating a disease whicn is at least 
partially mediated by CD28, said method comprising the step of: 

administering tC' a patient an effective amount of an 
oligomer according to Claim. 1. 

14. A method for treating a disease wnicr. is az least 
partially m.ediated by CD2e, said method comprising the step of: 
administering tc a patient an effectix^e amount cf an oligomer of 
an oligomer having 11 to 50 bases comprising at least two 
sequences cf GGG3 separated by 3 to 5 bases. 

15- Tne r.ethod cf Claim 13 wnerem tne cligomer 
comprises tne sequence r ' TTGGAGGGGG7GGT3GGG j ' . SEC ID NC : 3 
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16 . The method of Claim 13 wherein the oligomer 
comprises the sequence 5 ' GGGTTGGAGGGGGTGGTGGGG3 ' , ( SEQ ID NO : 4 ) . 



17. A method according to Claims 12-15 wherein said 



removing CD2 8 - expressing cells from a patient; 
introducing said oligomer into said cells whereby 
oligomer-transf ormed cells are produced, and returning 
said oligomer- transformed cells into the patient. 



18. A method according to Claims 12-15 wherein said 
administration step further comprises the following steps: 



removing CD2 8 -expressing cells from a donor; 
introducing said oligomer into said cells whereby 
oligomer- transformed cells are produced, and 
introducing said oligomer- transformed cells into the 
patient . 



19. A method according to Claims 12-15, wherein said 
oligomer is produced by transcription cf an expression vector. 



20. A recomLbinant expression vector, said vector 



comprising, m operable combination, a promoter, and a 
polynucleotide sequence encoding an oligomer capable of 
inhibiting the inducible expression cf CD28 m a T cell. 

21. A pharmaceutical formulation comprising an 
oligomer according to Claim 1. 



administration step further comprises the following steps: 
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22. The pnarmaceut^cai of Clairr. 17 wherein the 
clxgomer xs 11 to 5C cases length and comprises at least two 
seqiiences of GGGG separated by 3 tc 5 bases. 



23. The pharmaceutical of Claim 17 wherein the 
oligomer is 18 to 5C cases m length and comprises the sequence 
5 ' TTGGAGGGGGTGGTGGGG3 ' , { SEQ ID NO : 3 ) 

24. The pharmaceutical of Claim 17 wherein the 

l!'!!r' " '^"^'"^ comprises the sequence 

5 ' GGGTTGGAGGGGGTGGTGGGG3 ' , {SEQ ID NO ; 4 ) 



25. A pharmaceutical formulation comprising at least 
two different oligomers according to claims 17-2C. 

26. A pharmaceutical formulation according to Claims 
17-21, wherein said formulation is adapted for parenteral 
adminxst rat ion . 



BNaooao: <wo flaa4aaQAi ia> 



SUBSTraiTE SHEET (RULE 26) 



wo 96/24380 ^ ^ PCT/US96/01507 

1/18 



Figure lA 

CCCTTTOTTT TTTICincr CCOlTItXTT CCTTCTITCC ZZCim^ 

ncrmcTT nCTrmcr ci ' I ' iuitilt aiCTrrcrrT tciovtick; 

ITGOXTOGC TOSAGIOCAG TOGCAltSATC TCGOCTCATA GCAQCCICCA 
CCTKCTOaCT TXZAAOOGATT CTOTTDCrrr AGCCCKTCT ;^7I?^GCIQGA 
TTACAGCTAC CCACX3\TCAT GCCTOGCTAA TrrTTTCIAT TITCAATQGA 

GAa333Grrr caccaicttg gccaqgctog TcnGAonc ctoqccicaa 

AIGATOCACC CACTTIQQa: TCCCAAATIG CTOaCArrAC MGCCT^AGC 
CACT3CACCC GaCCrorXC TICTTAAGAA CACmuiCT CCCCTTTAAT 
CICIGCTOGA mrAATr'Ar nn ■i M 'i')'ar'7\ /^Tv^r-.i> , ^ ^ 

TAAAGAATAA TTO^TAAG COIATCATtTr ACT3ACCGAC TPCTTITCAG 
AAAGTCTTTA AAAAT?CAA3 TAAAAOICTA AAOICATUAA 

AACA;in7rrA tatcctiuiut GAAAiarrtsc actcaosatg ccriCTOTrr _ 

'TUAGTSOCrrr GATCATOIGC CCrAAGC30a TOTTOGCXX^r GC?ICC?raGCC -61 



-661 
-611 
-561 
-511 
-461 
-411 
-361 
-3U 
-261 
-211 
-161 
-111 



-n 



50 
100 

150 
200 



Figure IB 

AGACICTCAG GCCTTOC3CAG GltSOTICTIT CAOITCCCCT CACACITCGG 
O'rXXTICGCG GAGGAGG3GC TGGAACCCTA GCCCATUTIC AOGACAAAGA 

M 

IGCnCAGGCT GCrrmGaCT CrCAACTTAT TCCCTTCAAT TCAACTAA2A 
etiLeuArgl^ uLeuLeuAla LeuAsnLeuP heProSerll eGlnValTbr 
C»^AACAAGA TTITO3TCAA OCPCTOSCrr ATt3CnCT?G CCTACGPCAA 
GlyAsnLysI leLeuValX-y sGlnSerPrr) NfetLeuValA laTyrAspAs 
TOCOGTCAAC CITAOCTGCA AGTIATICCIA CAATCICTTC ItlAAOQGAar 250 
nAlaValAsn L^uSerCysL ys^Ser^ rAsnLeuI^ SerArgGluP 
TOCOGCSCATt: CCrVCPCAPA QGACT3GAIA GrtTTCTOGA A^TCICTOIT 300 
heArgAlaSe rLeuHisLys GlyLeuAspS erAlaValGl uValCysVal 
CTATATTGOGA ATXACIUCCA GCAGCTICAG COTIACKZAA AAAOSGGOT^ 350 
ValTyrGlyA snTyrSerGl nGlxLLeuGln ValTyrSerL yslhrGlyf^ 
CAACIGTCAT GGGAAATTGG GCAATGAATC PCTGACATIC TACCI^XAGA 
eAsnOysAsp GlyLysLeuG xyAsnGluSe rVal'nirPhe lyrLeuGliiA 
ATTTCTATGr TAACCAAACA GATATTTACT TXriGCAAAAT TGAAGTTATC 45C 
snLe^TVrVa lAsnGln'nir AspIleTyr? heOysLysIl eGluVal^Jet 



400 
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Figure IC 



TAiccrorrc cttacct?^ caatg?gaag aggaaitsgaa ccattallltj a 

TyrProProP roTyrLeuAs pAsnGluLys SerAsn31yT hrllelleHi 
TCTGAAAG3G AAACACCTIT GTITrCAACTCC CXrmTTTCCC OGACmCEA 
sValLysGly LysHisLeuC ysProSerPr oLjeuR^ePro GlyProSerL 



pccccrmo oGTOC'iUiiu Gnxz^naTiG gactcctggc ttcctatagc eoo 

ysProPhe^ pVcLLLeuVal ValValGiyG lyValLeuAl aCysTyrSer 

TIT3CI?OrAA G=iGIt3GCCrr TATTAl'lTIL' T33GTCAaGA GTA^GAGGAG 650 
I^euLeuValT hr^^alAiaPh ellellePhe T^ValAmS erLysArgSe 

CsCGCrCCTG CACAGTGACT ACATiGAACAT GACKTCQGC: 0GC0CC033C 700 
rArgLeuIjeu KisSerAspT yrMstAsnl^ tTtirProArg ArgPrcGlyP 

CCACCCGCAA GCATIACCAG CXXTAT3CCC CAOZACGOGA CnCGCA3CC 750 
roTtirArgLy sHisTyrGln PrcOyrAlcLP roProArgAs pPheAlaAia 

TATCGCTGCT G^^CACGGACG CXiTATOCAGA mCCAC3Ga3G CiraZAOrC 800 
TVrArgSer. . . 

CXZATCTGCPC AATATCACIG CITITOGAT^ GAAATGACCG OCATUIDGAG 850 

CXrOGCCACCT CAGCCCCIUT 'HGQGCCACCA ATGCCAATTT TrCTCG^CT3 900 

ACTAGAOCAA ATAITZAAi^T CATTTTG?^ CTiCTTGAAATC AA7IAAAAGA 950 

GATTTCCTGT GACAGGCCAA G-nTTTACAlGr GCXZAIGGCCC ACATTOGAAC 1000 

TTACCATCTA CTTAaiGACT TGACTGAGAA GTTAaGGnAG AAAACAAAAA 1050 

OGGACT3GAT TCTGGG^OX 'TCTTGCCrryr CTCACTGACC TGCACATUIC UOO 

AGTITGAAGCAA AGIGTGGTAT CCACAGACAT TTrACTTGCA Ci^AGWOGC 1150 

TAQGAAATGA TTCCTTTIGG TTAAATOQGT CTTTTAAICTr TTOTTTPCTG 1200 

GCTTTAAADGG OGrrAAGTTAG AGTIMGGGGA Q0GATA3GAA GACATATTTA 1250 

AAAACCATTA AAAC^CTGrC TGOCACICAT GAAATCAGCC ACGIAariGC 1300 

TATITPATGC TGriTTICCrr TAGTTTP^^AA ATACAT?;GrC AITGICmT 1350 

ATGAAliV.U ATUATA-rrTA GTCATTnt^ CCAAAIGAGG GATTTGGTCA 1400 

AATCAGGGAT TGCCTGAAAG G^ATATCAOG TAAACCAAGT TG L ' l ' ri ^ ^ CIC 145G 

ACrOXTGTC ATGAGACTTG AGTCTTAATG TTT^ACAATAT A L ' l ' l ' lL GAAA 1500 

C^TAAAATA Grrrc ^=;i4 
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Figure 2 
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Figure 3A 
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Figure 3B 
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Figure 3C 

C 100 -1 . 




cc 



BNaooao: <wo_9ea43ea*i jA> 



SUBSTITUTE SHEET (RULE 26) 



wo 96/24380 



PCT/US96/0I507 



7/18 



3 

ex 



o 



s ? 1 



□ s 



!— 

o 



5 



- VZOOLH 

-VEQLH 

- VZQLH 

-viQia 



< 



01 




rr fN| ^ 

^_0I X rado 



^ < 

□ □ 



< 



BN800CID: <WO_9e2*3eOA1JA> 



SUBSTITUTE SHEET (RULE 26) 



wo 96/24380 




PCT/US96/0 



8/18 



U 
in 



QO 
in 

fa. 
3 

00 




O 3C O T rv| 



TioniqniTii ^ 



in 

ha 

3 

60 




< 

□ ■ 



BN800C*0: <WO_9«243eQM JA> 



SUBSTITUTE SHEET (RULE 26) 



wo 96/24380 




PCr^S96y01507 



9/18 



3 

GO 



in O 

■ □ B 



o 

> 




3 




> 



STODIH 



< 

(Li 
3 



-a 

□ 



< 

Q 

U 



BNOOOCID: <WO_9«243eaM JA> 



SUBSTITUTE SHEET (RULE 26) 



wo 96/24380 




PCT/i;S96/01507 



10/18 



U 

in 




CO 

Of 
w 

3 

.5P 
ill 




< 

3 

00 



□ ■ 



o 
in 



o o o o 

o o o o 

^ in in 
» 



BNSOOaD: <WO_9ea43eQA1 JA> 



SUBSTmJTE SHEET (RULE 26) 



wo 96/24380 ^ PCT/US96/01507 

11/18 



< 

■2 ^ :s 5 s 

^ 1 1 

(M IT) O 



t3 tT) 



□ 



□ B 



CQ 

GO 

&0 



o 
> 



o 



VEOaiH 

■ - vzoaia 
«■ vioaiH 

I- YWUH 

■ - VCQIH 

VICXIH 



< 

QO 



> 



vioaia 

-VCQLH 

- vzQLia 
-viaia 



sow 



BNSOOC1D: <WO_9«243eQA1JA> 



SUBSXmJTE SHEET (RULE 26) 



V 



wo 96/24380 

v/>o.z4J8u PCTAJS96/01507 



12/18 



Figure 9 
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Figure 10 
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Figure 1 1 
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Figure 12 
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Figure 13 
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Figure 15 
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